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FUNCTION 
DEVICE 


TDA1190 


Complete sound channel 
TDA1190Z 
TDA 2190 
TDA3190 


Horizontal 
TDA1180F 
c: 
TDA1180P 
0 
.;:; 
(J 
TDA1170 
Q)~ 
TDA1170S 
Q) 
Vertical 
Cl 
TDA1270 
TDA1470 


V ideo IF system 
TDA440S 
TDA4420 


'" 
Oscillator 
TDA2140 
E0 
Lumin. & Chromin. 
TDA2151 
1:u 
Demodulator 
TDA2161 


TV signal identification 
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TAA550A 
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TAA550B 
TAA550C 


FUNCTION 
DEVICE 


General purpose 
TBA231A 


TDA1054M 
Tape 
TDA2054M 
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Hi-Fi 
TDA2310 


I FUNCTION 
DEVICE 


TCA900 
DC Motor Regulators 
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Multifunction 
TDA7270S 
TDA7770 


APPLICATION 
DEVICE 
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TDA2002 
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TDA2005 
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TCA830S 
TDA1905 
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TCA940N 
TV 
receiver 
TDA1905 
TDA1908 
TDA2006 
TDA2008 


TDA1910 
Hi-Fi 
and Hi-Fi TV 
TDA2010 
TDA2020 
TDA2030 


Driver 
TDA2020D 


FUNCTION 
DEVICE 


TCA3089 
IF/FM radio system 
TCA3189 
TDA1200 


AM/FM 
radio 
TDA1220A 


FUNCTION 
DEVICE 


LS159 
NPN array 
TBA331 
TDA3310 


FUNCTION 
DEVICE 


LS107 
LS207 
LS307 
LS141 


LS141A 


General 
purpose 
LS141C 
LS148 
LS148A 
LS148C 


LS709 
LS709A 
LS709C 


LS10l 


High 
performance 
LS201 
LS301 


Programmable 
LS776 
LS776C 


LS204 
Dual-high 
performance 
LS204A 
LS204C 


Quad-high 
performance 
LS404 
LS404C 


FUNCTION 
DEVICE 


Balanced 
modulator 
LS025 


Channel 
amplifier 
LS045 


Compandor 
LS150 


Speech circuit 
and 
LS285/A 
multifrequency 
interface 
LS34:? 


Op-amps for active filter 
LS204 
LS404 


FUNCTION 
DEVICE 


L129 
L130 
L131 
L2000 series 


Standard 
fixed 
U800 
series 
L78S00 series 
TBA435 
TBA625A 
TBA625B 
TBA625C 


Fixed (with 
integrated 
L194-5 
L194-12 
rectifying 
bridge) 
L194-15 


L123 
Adjustable 
L146 
L200 


Automotive 
L2600 
series 


FUNCTION 
DEVICE 


Power operational 
amplifier 
L165 


DC motor 
positioning 
L290 
L291 
system 
L292 


Motor 
driver 
L293 


L201/2/3/4 
Darlington 
array 
L601/2/3/4 
L702 


L149 


Current booster 
TDA1410A 
TDA1420A 
TDA1420L 


Triac/SCR 
control 
L120A 
L121A 


Supply 
Output 
Power 
(W) 
Device 
(V) 
RL= 2n 
RL = 4 n 
RL= an 
RL= 
..•.. 


4 
TBA820M 
0.35 


TAA611A 
0.5 
0.35 
6 
TBA810S 
1 
TBA820M 
0.75 
0.45 


TAA611A 
1.8 
1.15 
TAA611B 
1.8 
1.15 
TBA810P 
3.4 
2.5 
9 
TBA820 
1.6 
1.2 
TBA820M 
1.6 
1.2 
TCA830S 
2 
1.25 
TDA1905 
2.5 
1.3 


TAA611B 
2.1 


12 
TAA611C 
3 
2.1 
TBA820 
2 
TCA830S 
3.4 
2.3 


TBA810CB 
7 
6 
TBA810P 
7 
6 
TDA1905 
5.4 
3 


14.4 
TDA1908 
5.8 
3 
TDA2002 
8 
5.2 
TDA2003 
10 
6 
12 
TDA2004 
10 
6.5 
11 
RL= 1.6n 


TDA2005 
10 
6.5/20 
(0) 
11 


TBA800 
4.5 


18 
TCA940N 
9 
5 
TDA1905 
5.5 
TDA1908 
9 
5 


20 
TDA2008 
12 
8 


TBA800 
5 
24 
TDA1905 
5.3 
RL = 16n 


TDA1908 
5 
TDA1910* 
10 
7 


TDA2006 
14 
9 
28 
TDA2010* 
10 
8 
TDA2030* 
14 
9 


36 
TDA2020* 
18 
15 


40 
TDA2020D. 
40 


Vs:144V 
d :10·'. 
f:: 1 KHz 


SA 800 
'IS:: 2 4 V 
Rl=,6V 
TCA940 N 


TOA1905 
Vs=20 V 
'Is:: 18 V 
Rl=4Jl 


Rl=8Jl 


TOA 2~06 
TOA1908 
Vs:: 22'1 
'Is.:: 2 4 V 
RL= 8!l. 
RL= 4 Jl 


1/ 


f= 
t 
:: 1KHz 


I 


====:; 
t ::lKHz 
-'- 


- 
RL=4!l. 


.1 
L1-'-04 
- 


TOA '91~r 1+1 


(_ 
TOA 2020 
I 


Vs .::2 4 V 
Vs:: ! 17V 
, 


TOA 201~-f 
IUA~ 
"s::J:14V 
Vs.::.!:14V 


-r -,I 
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10 max 
Regulated output voltage (VI 
Device 
Package 


(AI 
5 
7.5 
8.5 
9 
10 
12 
15 
18 
24 


L200CH/CV 
2.9 
ADJUSTABLE 
36 
Pentawatt® 


L200CT/T 
2.9 
ADJUSTABLE 
·36 
TO-3(4-leadl 


L2000CT/T 
• 
• 
• 
• 
• 
• 
• 
• 
TO-3 
2 
L2000CV 
• 
• 
• 
• 
• 
• 
• 
• 
Versawatt 


L78S00CT/T 
• 
• 
• 
• 
• 
• 
• 
• 
TO-3 
L78S00CV 
• 
• 
• 
• 
• 
• 
• 
• 
Versawatt 


L7800CT/T 
• 
• 
• 
• 
• 
• 
• 
• 
TO-3 
1.5 
L7800CV 
• 
• 
• 
• 
• 
• 
• 
• 
Versawatt 


• 
TO-126 
0.6 
L129 
• 
Versawatt 
• 
TO-3 


• 
TO-126 
L130 
• 
Versawatt 
• 
TO-3 


0.5 
L 194/5* 
• 
Pentawatt® 


L 194/12* 
• 
Pentawatt® 


L 194/15* 
• 
Pentawatt® 


L2600 
• 
• 
• 
Versawatt 


• 
TO-126 
0.45 
L131 
• 
Versawatt 
• 
TO-3 


L 123CB 
2 ------- 
ADJUSTABLE 
36 
14-lead copper 


L 123CT/T 
2-- 
ADJUSTABLE 
36 
TO-100 
L146CB 
2 
--- 
ADJUSTABLE 


I 
77 
14-lead copper 


L 146CT/T 
2 
ADJUSTABLE 
77 
TO-100 
0.15 
TBA435 
• 
TO-39 
TBA625A 
• 
TO-39 
TBA625B 
• 
TO-39 
TBA625C 
• 
TO-39 


Temperature 
Frequency 
CMRR 
Input 
Slew 
Max supply 


Device 
Range 
(dB) 
Bias Curro 
Rate 
Voltage 
Package 
(C) 
compensat. 
(nA) 
(V!IlS) 
(VI 


LS101T 
-55 to 125 
90 
120 
10 
± 22 
TO-99 
LS101AT 
-55 to 125 
96 
30 
10 
± 22 
LS107T 
-55 to 125 
• 
96 
30 
0.7 
± 22 
LS141T 
-55 to 125 
• 
90 
80 
0.5 
± 22 
LS141AT 
-55 to 125 
• 
95 
30 
0.7 
± 22 
LS141CT 
o to 70 
• 
90 
80 
0.5 
± 18 
LS148T 
-55 to 125 
90 
80 
5.5 
± 22 
LS148AT 
-55 to 125 
95 
20 
5.5 
± 22 
LS148CT 
o to 70 
90 
80 
5.5 
± 22 
LS201T 
o to 70 
90 
250 
10 
± 22 
LS201AT 
-25 to 
85 
96 
30 
10 
± 22 
LS207T 
-25 to 
85 
• 
96 
30 
0.7 
± 22 
LS301AT 
o to 70 
90 
70 
10 
±18 
LS307T 
o to 70 
• 
90 
70 
0.5 
± 18 
LS709T 
-55 to 125 
90 
200 
0.25 
± 18 
LS709AT 
-55 to 125 
110 
100 
.0.25 
± 18 
LS709CT 
o to 70 
90 
300 
0.25 
±18 
LS776T 
-55 to 125 
• 
90 
15 
0.35 
±18 
LS776CT 
o to 70 
• 
90 
15 
0.8 
±18 
LS204T* 
-25 to 
85 
• 
100 
50 
1.5 
± 18 
LS204AT* 
-55 to 125 
• 
100 
50 
1.5 
±18 
LS204CT* 
o to 70 
• 
95 
80 
1 
± 18 


LS141CB 
o to 70 
• 
90 
80 
0.5 
±18 
Minidip 
LS148CB 
o to 70 
90 
80 
5.5 
± 22 
LS201B 
o to 70 
90 
250 
10 
± 22 
W 


LS301AB 
o to 70 
90 
70 
10 
± 18 
LS307B 
o to 70 
• 
90 
70 
0.5 
± 18 
LS776CB 
o to 70 
• 
90 
15 
0.8 
± 18 
LS204CB* 
o to 70 
• 
95 
80 
1 
±18 


LS141CM 
o to 70 
• 
90 
80 
0.5 
± 18 
50-8 
LS148CM 
o to 70 
90 
80 
5.5 
± 22 
LS201M 
o to 70 
90 
250 
10 
± 22 
LS301AM 
o to 70 
90 
70 
10 
± 18 


~ 
LS307M 
o to 70 
• 
90 
70 
0.5 
± 18 
LS776CM 
o to 70 
• 
90 
15 
0.8 
± 18 
LS204M* 
-25 to 85 
• 
100 
50 
1.5 
± 18 
LS204CM* 
o to 70 
• 
95 
80 
1 
± 18 


50-14 


LS404M** 
-25 to 85 
• 
94 
50 
1 
± 18 
tfiiitHRTUJ 
LS404CM** 
o to 70 
• 
90 
100 
1 
±18 


DIP 


LS709CB 
o to 70 
90 
300 
0.25 
±18 
fW#ff 
LS404C** 
o to 70 
• 
90 
100 
1 
± 18 


SGS-ATES 
Sure II 
Programme 
aims 
to 
inform 
customers 
of basic 
production 
operations 
and 
internal 
quality 
and 
reliability 
assurance 
procedures, 
paying 
particular 
attention 
to the 
tests 
and 
guarantees 
on 
the finished 
product. 
This 
programme 
covers 
the set of 100% operations, 
controls 
and testing 
operations 
undergone 
by devices 
produced 
to standard 
specification, 
i.e. without 
any special 
customer 
requirements. 


GENERAL 
INFORMATION 


Typical block diagram of production proc'lSSsteps 
Screening options which the customer can request by referring directly to this programme are also 
indicated. 


QUALITY 
LEVELS 
GUARANT.EED 
BY GROUP 
A TESTS 
These are the parameters checked on every delivery during final acceptance. The Group A tests tables 
show the guaranteed quality levels for standard material (level C) and for purchased materials with the 
programme's two optional screening levels (levelsA and B). 


GROUP 
BAND 
C TESTS 
These reliability tests are performed to maintain the processes under control, to collect data useful in 
calculating the failure rates of our products and, when requested, to supply summarized reliability in- 
formation to the customer. 
Group B tests are normally carried out every 1 to 3 months and group C tests every 6 to 
12 months. 
Precise test frequencies are established within the above limits by the Quality and Reliability Assurance 
Manager of the various plants; the product is delivered and guaranteed according to results obtained in 
these tests and in the failure analyses, which are regularlyperformed on any rejected devices. Unlike the 
Group A tests, these tests are not effected on individual delivery lots, but on production lots, selected 
according to the criterion of structural similarity. 
To complement Sure II Programme, SGS-A TES performs realtime reliability tests on certain products. 
These tests are normally effected under accelerated conditions and greatly reduced duration in order to 
provide frequent and rapid feedback to Production. 
However, due to their highly technical character, the description of these tests is outwith the scope of 
the Sure II Programme. 


This 
information 
is valid 
for all products 
ordered 
from 
SGS-ATES 
as standard, 
i.e. in accordance 
with 
Sure 
II Programme, 
or which 
are ordered 
in full accordance 
with 
one of the two Sure Programme 
options. 


Marking 
Each 
device 
will 
be marked 
in a contrasting 
ink with 
the 
following 
standard 
information 
(if sufficient 


space 
is available): 


1 - 
SGS-ATES 
logo 


2 - 
Device type 
as shown 
in the detail 
specification 


3 - 
Manufacturing 
plant 
number 


4 - 
Lot code 
(Production 
lot) 


Packing 
Devices 
will 
be 
packed 
in the 
vendor's 
standard 
package, 
unless 
otherwise 
specified 
on 
the 
purchase 
order. 
The following 
information 
will be marked 
on the std. package: 


1 - 
SGS-ATES 
logo 


2 - 
Device type 
as shown 
on the detail 
specification 


3 - 
Quantity 
in the package 


4 - 
SGS-ATES 
order 
confirmation 


Certification 
Certificate 
of conformance 
will be enclosed 
with 
the 
devices 
for 
level A only, 
unless 
otherwise 
agreed. 


Reference 
specification 
a) 
Basic Sampling 
Procedures 
and tables 
for inspection 
by attributes: 
MIL-STD-105D-IEC 
410. 


b) 
The Sure 
II Programme 
has been 
prepared 
considering 
the following 
specs.: 
IEC 
68-1, 
IEC 
68-2, 
MIL-STD-883A, 
MIL-STD-750B, 
MIL-STD-202E, 
CECC 
50.000, 
CECC 
90.000, 
MIL-STD-19510E, 
MIL-STD-38510C. 
It should 
be noted 
that 
conformance 
with 
these 
specs. 
should 
be assumed 
only 
where 
specifically 
stated 
in th is programme. 


Essential 
terms and definitions 
For the 
purpose 
of interpretation 
of this 
general 
specification 
the following 
terms 
and definition 
apply: 


Detail specification 
A specification 
which 
covers 
a particular 
component 
or range 
of components, 
and which 
describes 
that 
component 
including 
rated 
and/or" 
limiting 
values 
and 
characteristics. 
The 
detail 
specification 
will also 
give the 
inspection 
requirements 
or appropriate 
reference 
to this general 
specification. 


Inspection lot 
A quantity 
of structurally 
similar 
components 
presented 
together 
for inspection, 
from 
which 
a sample 
is 
to be drawn 
and 
inspected 
to determine 
conformance 
with 
the 
acceptance 
criteria 
of the specification. 


Delivery lot 
A quantity 
of 
components 
delivered 
to 
an 
order 
at one 
time. 
One 
delivery 
lot may 
consist 
of one 
or 
more 
inspection 
lots or parts 
thereof. 


Structurally 
similar devices 
Structurally 
similar 
devices 
are 
those 
devices 
produced 
concurrently 
through 
final 
seal 
by 
the 
same 
fabrication 
techniques, 
using 
the 
same 
type 
of machines 
and apparatus 
and having 
the same basic design 
rules and the same packaging. 
Details 
of structural 
similarity 
for various 
components 
will be defined, 
when 
required, 
by the SGS-ATES 
Quality 
Assurance 
Mgr(s). 


Certificate of Conformance 
A document 
issued 
with 
a delivery 
lot stating 
that 
the 
components 
have 
been 
taken 
from 
one or more 
inspection 
lots accepted 
under 
the 
requirements 
of the particular 
specification. 


[------- -------J 
WAf'ER 
ACCEPTANCE 
-------~------- 
G---~~~~§~:~---~ 
DIE ACCEPTANCE 
------~------- 
r 
DEVICEASSEMBL 
Y 
. 
I 
[----- ------J 
___ 
~~~LY 
AC~~~~ 
__ 


NOTES 
.:-* NOT 
FOR 
TO-3 
~. ACCORDING 
TO OUR 
INTERNAL 
SPECS 
FOR 
PLASTIC 
OEV ICES. 


o 
CIRCULAR 
METAL 
CAN ONLY 


• 
NOT 
FOR 
PLASTIC 
DEVICES 


':'5 THERMAL 
CYCLING 
HABLE 
I) 
[~~~~~0~~0-i"0~B~E~J 
[~~~"E"~~0.£i~§~~~~'D 
[--RAWUNE 
ACCePTANCE- --J 
-------r------- 


LEVEl 
B 


ELECTRICAL 
TESTING 


LEVEL 
A 


ELECTRICAL 
TESTING 


[=~~~P~~~. 
(L~V~I~~~-=-J 
[=-~§~~~IL~EiC_2~~CJ 


10THERMAL 
CYCLING 
(TABLE 
I) 


(TABLES 
1I1,IV) 
[===-~~~~~~~~~===J 
I 
LEVELC 


ELECTRICAL 
TESTING 


PACK 
[ ]'~C~E~-~~;E!:T~~A0~J 
I 
SHIP 
I 


TABLE 
I 
Conditions 
for tests 
shown 
in block 
diagram 
of production 
process 
(excepting 
Group 
A, B and C) 


Tests 
Description 


Thermal 
Cycling 
Tamb= -65°C 
to +150°C 


30 minutes 
at extreme 
temperatures, 
5 minutes 
max transfer 
time. 


Centrifuge 
20000 
G, 1 minute, 
Yl axis only 


High Impact Shock 
20000 
G, t = 0.25 
ItS minimum, 
Yl axis only. 


High temperature 
100 hat: 
Tamb= +150°C 
Storage 
(Optional) 


Bake 
16 h at +180°C 
for plastic devices. 
According 
to our internal 
specs. for other devices. 


Burn-in 
(optional) 
168 h according 
to spec. device type. 


Hermeticity 
- Fine leak: 
helium 
leak detector 
after 
pressurization 
in He for 
1 h at 5 atm. 


The limits vary from device to device and can be provided 
on request. 


- Gross leak :bubble 
test 
in mineral 
oil at Tamb= + 125°C after pressurization 
for 
1 h in He at 5 atm. 


Other acceptance 
shown 
Performed 
according 
to SGS-ATES 
internal 
specs. 
I in the block 
diagram 
of 
I the 
production 
process 


(excepting 
group 
A, B 
C tests). 


AQL 
CUMUL. 


Sub- 
Parameters 
Levels 
Inspection 
group 
A (Opt.) 
B (Opt.) 
C (Std.) 
Level 


Al 
Visual and mechanical 
inspection 
Major 
0.65 
0.65 
0.65 
I 
Minor 
1.5 
1.5 
1.5 


A2 
Inoper. 
failure 
(electr. and mechanical) 
at +25°C 
0.15 
0.15 
0.25 
II 


A3 
DC parameters 
*and selected 
0.4 
0.65 
1 
II 
AC parameters 
at +25°C 


A4 
AC parameters 
at +25°C 
1 
1.5 
2.5 
S4 


NOTES: 
1) 
Electrical 
parameters 
are indicated 
on data 
sheets. 


2) 
Major 
defects 
(significant 
mechanical 
defects, 
but 
not functional 
defects). 
e.c. open 
packages, 
deformed 
leads. 


3l 
Minor 
defects. e.g. marking 
difficult 
to read, cosmetic 
defects, 
package 
dimensions. 


4) Inoperative mechanical defects (critical defects), e.g. pin indication. marking or splitting wrong. broken lead or short 


circuits 
between 
leads. 


.• 
Selected 
AC parameters: 
are fundamental 
parameters 
which 
guarantee 
the function. 


Lot or batch size 
Special inspection 
levels 
General 
inspection 
levels 


S-1 
S-2 
S-3 
S-4 
I 
II 
III 


2 
to 
8 
A 
A 
A 
A 
A 
A 
B 


9 
to 
15 
A 
A 
A 
A 
A 
B 
C 


16 
to 
25 
A 
A 
B 
B 
B 
C 
D 


26 
to 
50 
A 
B 
B 
C 
C 
D 
E 


51 
to 
90 
B 
B 
C 
C 
C 
E 
F 


91 
to 
150 
B 
B 
C 
D 
D 
F 
G 


151 
to 
280 
B 
C 
D 
E 
E 
G 
H 


281 
to 
500 
B 
C 
D 
E 
F 
H 
J 


501 
to 
1200 
C 
C 
E 
F 
G 
J 
K 


1201 
to 
3200 
C 
D 
E 
G 
H 
K 
L 


3201 
to 
10000 
C 
D 
F 
G 
J 
L 
M 


10001 
to 
35000 
C 
D 
F 
H 
K 
M 
N 


35001 
to 
150000 
D 
E 
G 
J 
L 
N 
P 


150001 
to 
500000 
D 
E 
G 
J 
M 
P 
Q 


500001 
and 
over 
D 
E 
H 
K 
N 
Q 
R 


.~~ . 
Acceptable 
Quality Levels (normal inspection) 
~i ~ 
0.010 0.015 0.0250 .040 0.065 
0.10 
0.15 
0.25 
0.40 
0.65 
1.0 
1.5 
25 
4.0 
6.5 
10 
15 
25 
40 
65 
100 
150 
250 
400 
650 
1000 


.:Iv 
.:I 
AcRe 
AcRe 
AcRe 
A cRe AcRe 
AcRe 
AcRe AcAe AcRe AcRe 
AcRe 
AcAe 
AcRe 
AcRe 
At Rc Ac At: At Rt: At: Rt At: Re Ac Rt Ac Rc 
AcRe 
AcRe 
AcRe 
AcRe 
AcRe 


A 
2 


~ 
~ ~ ilIl 
1]. ..!J. 
01 D D 
12 
23 
3 
4 
5 
6 
781011'41521223031 


B 
3 
a 
1 D 
12 
2 
3 
3 
4 
56 
7 
B 1011 1415 
212230314445 


C 
5 
a 
1 "'0'- D 
1223 
3 
4 
5 
6 
7 
B 
1011 
14152122 
~03' 
4445 
f--- - 


0 
B 
o 
1 D D 
1 2 
2 
3 
3 
4 
5 
6 
7 81011 
14 15 21223031 
4445 


E 
13 
a 
1 D D 
12 
2 
3 
3 
4 
5 
6 
7 
81011 
1415 
21 22 3031 
445 


F 
20 
o 
1 D D 
12 
23 
3 
4 
5 
6 
7 
B 
1011 
1415 
122 
f--- - 


G 
32 
a 
1 D .(]. 
1 2 
2 
3 
3 
4 
5 
6 
7 810 
l' 
'4152122 


H 
50 
o 
1 D ..(J. 
12 
2 
3 
3 
4 
5 
6 
7 
B 1011 
1415 
2122 
J 
BO 
a 
1 D D 
1 2 
2 
3 
3 
4 
5 
6 
7 
81011 
14152122 
f-- - 
"DB 
K 
125 
1 2 
2 
3 
3 
4 
5 
6 
7 
B 1011 1415 
2122 


L 
200 
O1DD 
1 2 
2 
3 
3 
4 
5 
6 
7 
81011 
1415 2122 


M 
315 
01 
DD 
12 
2 
3 
3 
4 
5 
6 
7 
B 
1011 
1415 
2122 


~ 


f--- - 


N 
500 
01 DB 
1 2 
2 
3 
3 
4 
5 
6 
7 
B 1011 
1415 2122 


~ 


p 
BOO 
01"'0'- 
D'2 
2 
3 
3 
4 
5 
6 
7 
B 1011 
1415 
2122 


~ 


0 
1250 
a 
1u~ 


1 2 
2 
3 
3 
4 
5 
6 
7 
81'011 
1415 2122 


IT 
R 
2000 D 
2 
3 
3 
4 
56 
7 
B 101111415 
2122 rr 


Double 
and 
multiple 
sampling 
plan 
inspection 
may 
be used 
D = Use 
first 
sampli~g 
plan 
below 
arrow. 
If 
sample 
size 
equals, 
or 
exceeds,lot 
or 
batch 
size, 
do 
100 
percent 
inspection. 
D .. 
Use 
first 
sampling 
plan 
above 
arrow 


Ac 
= Ae<:eptal'lCe 
number. 


Rc 
•• Rejection 
number. 


Max. 


Tests 
Test 
conditions 
LTPD 
ace. 


nO 


Subgroup 
1 
Major dimensions 
according 
to data sheet. 
20 
4 
PHYSICAL 
DIMENSIONS 


MARKING 
PERMANENCY 
5 
minutes 
immersion 
in 
trichloroethylene 
at 
Tamb· 
Rub 
marking 
with 
a soft 
brush 
10 times. 
Marking 
shall 
appear legible. 


Subgroup 
2 


15 
3 
SOLDERABI 
L1TY 
5 s (min.) 
in rosin-based 
flux 
2 ± 0.5 s in Sn (60) Pb (40) at +230°C 
± 5°C. 


Depth 
of immersion 
0.8 to 2.3 mm from 
case or half the 


length 
of the 
leads. Under 
10X magnification 
leads shall 


be covered 
with 
a smooth 
and bright 
solder coating 
with 


no more 
than 
traces 
(approx. 
5%) of scattered 
imperfec· 


tions 
such as pin-holes 
or un-wetted 
or de-wetted 
areas. 
These inperferctions 
shall not be concentrated 
in one area. 


Subgroup 
3 
THERMAL 
SHOCK 
15 shocks -O°C to + 100°C 
liquid-to-liquid 
15 
3 


5 minutes 
at extreme 
temperatures 


5 s max transfer 
time. 


THERMAL 
CYCLING 
10 cycles: 
Tamb = -65°C 
to +150°C 


30 minutes 
at extreme 
temperatures 


5 minutes 
max transfer 
time. 


HERMETICITY 
Fine leak 
(Not 
for plastic devices) 
- 
Helium 
leak 
detector 
after 
pressurization 
in 
He at 


5 atm. for 
1 h. 
5 X 10-8 eels for 
I.C.V. 
,.;;; 0.1 cc 


5 x 10-7 
cc/s for 
I.C. V. 
' 
between 
0.1 cc and 10 cc. 
, (I.C.V. = Internal 
Cavity 
Volume) 


Gross leak 
.- 
Bubble 
test 
in mineral 
oil at T = +125°C 
after 
press· 


urization 
for 
1 h in He at 5 atm. 


MOISTURE 
10 cycles of 24 h 


RESISTANCE 
Tamb= 
25°C to 65°C; 
RH 80% to 98% 


5 cycles to -10°C 
for 3 h. 


Subgroup 
4 
OPERATING 
AND/OR 
According 
to device type spec. 
10 
2 


INTERMITTENT 
5000 
cycles 
min. 
for 
intermittent 
life test t = 340h 
min 
LIFE 
TEST 
for operating 
life test. 


Subgroup 
5 
LEAD 
FATIGUE' 
Two 
leads for each device. 
20 
4 


Dual-in-line 
pack: 
3 arcs; leads shall be bent inward 
for 
15c 
permanent 
angle 
and 
shall 
be 
returned 
to 
their 
original 
position. 


Wire leads: 3 arcs, 90° ± 5° with 
a force 
of .229±.014 
Kg. 


Failure: 
any broken 
leads. 


Subgroup 
6 
PRESSURE 
POT 
+121°C, 
2 atm. 
from 
48 to 96 h according 
to package 
15 
3 


type. 
Plastic devices only. 


Max. 
Tests 
Test conditions 
LTPD 
ace. 
nO 


Subgroup 1 
30 
4 
DESIGN AND TEMPERA- 
This subgroup comprises those parameters complemen- 
TURE 
ELECTRICAL 
tary 
to group A parameters. As alternative to 
LTPD 
CHARACTER ISTICS 
sampling plan, X-R 
charts may be used to keep the 
processunder control. 


Subgroup 2 
Not for Plastic devices. 


MECHANICAL 
SHOCK 
1500 G - 0.5 ms - 5 blows in each of the 6 orientations. 
15 
3 
Non operating. 


VARIABLE 
FREQUENCY 
20 G; 3 orientations; f = 40 to 2000 cps. Four 4-minute 
VIBRATION 
cycles, 48 minutes total. Non operating. 


CONSTANT 
20000 G - 1 minute - (3 orientations). 


ACCELERATION 


Subgroup 3 
10 
2 
OPERATING LIFE TEST 
t = 1000 h. 
According to spec.device type. 


ELECTRICAL 
Key parameters at 0,340,670 
and 1000 h. 


MEASUREMENTS 


Subgroup 4 
3 
HIGH TEMPERATURE 
1000 h at Tamb= +150°C 
15 
STORAGE LIFE TEST 


ELECTRICAL 
Key parameters at 0, 340, 670 and 1000 h. 


MEASUREMENTS 


Subgroup 5 
SALT ATMOSPHERE 
10 to 50 g. of NaCI per squaremetre per day for 24 h at 
20 
4 
Tamb= +35°C. 
Post test inspection: check for destructive corrosion. 


Subgroup 6 
HUMIDITY 
TEST 
Plastic devicesonly. 
15 
3 
85°C/85% RH with bias, t = 1000 h. 


ELECTRICAL 
Key parameters at 0, 340, 670 and 1000 h. 


MEASUREMENTS 


Subgroup 7 
INTERMITTENCY 
TEST 
Electrical continuity 
measuredbetween 25°C and 100°C 
1.5 
1 
or according to spec. device type. Plastic devices only. 


Subgroup 8 
SOLDERABILITY 
TEST 
Preconditioning at +155°C for 16 h. 
15 
3 
WITH PRECONDITIONING 
After 
a period between 1 and 2 h, the device shall be 
subjected to solderability test (Group B - Subgroup 2). 


Subgroup 9 
No flux; +260 ± 5°C for 10 +2 s. 
SOLDERING HEAT 
15 
3 
-0 


In addition 
to the treatment 
of the standard product described 
in this Sure II Programme, other test 


programmes can be agreed upon with the customer, in which case prices generally differ from those for 
the standard product. 
Following are the main programmes existing outwith the limits of the Sure II Programme. 


Guaranteed Reliability products 
(G-Rel.J 
In this case, the customer requests that for every delivery lot, certain reliability tests are performed with 
established 
acceptance 
levels and in certain cases also with certification 
from the Q. & R. Manager of 
the relative factory. 


Products with Source Inspection by a recognized external authority. 
Several SGS-ATES factories 
are qualified 
under the CECC System (European Q.A. system). The cus- 


tomer 
can request 
products 
inspected 
by the 
national 
supervision 
service, these 
products 
are then 
delivered with certification 
from the Q.A. Manager of the relative factory. It should be noted that these 
national inspectorates are mutually recognized by the member countries of the CECCo 


High Reliability products 
(Hi-ReI) 
These products, 
required for the most sophisticated, 
generally low-volume applications 
(e.g. aerospace), 


are assembled on a special line; this is the Hi-Rei line which employs a sophisticated 
set of screenings 
and reliability tests in order to reach,demonstrate 
and certify the highest reliability levels possible today. 


LINEAR 
INTEGRATED 
CIRCUIT 
L120 A 


The L 120A is a monolithic 
integrated circuit in 16-lead dual in-line plastic package. It incorporates the 
following functions: 


AC supply 50/60 Hz 
Zero-voltage 
and zero-current 
detector 
Ramp generator 


1nhibition of casual firing pulses 
Stabilization 
of the internal positive DC supply 
High gain operational 
amplifier 
- 
Output short-circuit 
protection 


The L 120A is intended for use as a phase controller 
in industrial and consumer applications. 


19 


114 


101,102 
V 8-12 
V 10-12 
V 1-2 
V3-5 
Ptot 
Tsl1l 
Top 


AC peak supply current 
Max input current (pin 14) 
Input diodes peak current 
Positive clamp voltage 
Negative clamp voltage 
Differential input voltage 
Differential input voltage 
Total power dissipation at T amb= 85°C 
Storage temperature 
Operating junction temperature 


60 
mA 
20 
mA 
1 
A 
15 
V 
15 
V 
± 7 
V 
± 8 
V 
800 
mW 
-55 to 150°C 
-25 to 150 
°C 


~ 


~ 


L120A 


RAMP 
VOLTAGE 


AMPLIFIER 
OUTPUT 


NON 
INV. AMPLIF 
INPUT 


DC 
REFERENCE 
VOLTAGE 


INV AMPLIFIER 
INPUT 


STABILIZED 
DC 
SUPPLY 


GATE 
PULSE 
OUTPUT 


POSITIVE 
RECTIFIER 
SUPPLY 


CURRENT 
GENERATOR 


OUTPUT 
LOGIC CIRCUIT 


ZERO CURRENT 
DETEC. 


GND 


GND 


CHOPPER 


NEG. RECTIFIER 
SUPPLY 


AC SUPPLY 


L120A 
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L120A 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 25°C, refer to the test circuit unless otherwise 
specified) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


VS-12 
Positive clamp voltage 
10 
11.5 
13 
V 


V 10-12 
Negative clamp voltage 
10 
11.5 
13 
V 


VS-12 
External 
DC supply 
10.5 
V 
voltage 


V 10-12 
External 
DC supply 
-10.5 
V 
voltage 


V9-12 
Sync input threshold 
± 12.5 
V 


V 14-12 
Zero current 
threshold 
± 8.8 
± 10 
± 11.2 
V 


L120A 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V 10-14 
Zero current threshold 
1.2 
Va-14 
V 


114 
Operativo input current 
0.4 
mA 
to avoid inibition 
(pin 14) 


V 1-12 
Ramp discharge level 
1.1 
V 


V 1-12 
Maximum ramp level 
7.2 
V 


Vl-2 
Comparat. differential trigger level 
70 
100 
mV 


Gv 
Amplifier 
voltage gain 
V 2 (peak to peak) = 6V 
60 
70 
dB 
(open loop) 


V 2-13 
Max output voltage 
7 
V 


V2-13 
Min output voltage 
0.9 
V 


V3-13• 
Input offset voltage 
R3-13= RS-13= 50n 
3 
6 
mV 
VS-13 


Ib 
Input 
bias current (pin 3. 5) 
0.1 
1 
p.A 


V3-S 
Differential 
input voltage 
± 7 
V 


V3-13. 
Input voltage range 
0.5 
7.5 
V 
VS-13 


CMR 
Common mode rejection 
R3-13= RS-13~ 
1kn 
60 
dB 


V6-13 
Regulator output voltage 
8.3 
9.5 
V 


16 
Max regulator output current 
3 
mA 


!!"!..IL 
Load regulation 
16=0 to 3 mA 
0.5 
2 
% 
V6 


bV6 
Line regulation 
Va=12to14V 
16 = 0 
46 
dB 


bVa 


SVR 
Supply voltage rejection 
Va = 12V 
f ripple= 50 Hz 
V I ipple (peak to peak)= 4V 
46 
dB 


V4 
Reference voltage 
14= 10p.A 
1.5 
V 


V7-12 
Firing pulse amplitude 
positive 
4".5 
5.5 
V 
R7-12= 1 kn 
negative 
8 
9.5 
V 


17 
Maximum 
output current 
R7-12= 10n 
80 
mA 


tpw 
Output pulse width 
200 
p.s 
R7-12= 50n 
tr 
Output pulse rise time 
200 
ns 


L120A 


Fig. 
1 - Peak supply 
current 
vs. dropping 
resistor 
Rs 
Fig. 
3 
- 
Gate 
pulse 
ampli- 
tude 
vs. gate resistance 
Fig. 2 - Maximum 
allowable 
average 
supply 
current 
vs. 


amb ient temperatu 
re 


Fig. 
4 
- 
Gate 
current 
vari- 
ation 
vs. 
ambient 
tem- 


perature 


-f 


Fig. 
5 
- 
Gate 
pulse 
width 
vs. ell-IS 
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Fig. 9 - Alternative system for L120A power supply (reduction of power dissipation) 
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LINEAR 
INTEGRATED 
CIRCUIT 
L121A 


The L 121A is a monolithic 
integrated circuit in 16-lead dual in-line plastic packa!le. It incorporates the 
following functions: 


AC supply 50/60 Hz 
Zero-voltage 
detector 
Ramp generator 
Inhibition of casual firing pulses 
Stabilization 
of the internal positive DC supply 
High gain operational 
amplifier 
Output short-circuit 
protection 


The L 121A is intended for use as a burst controller 
in industrial and consumer applications. 


Ig 
101,102 
V14 
V 8-12 
V 10-12 
V 1-2 
V3-5 
Ptot 
T stg 
Top 


AC Peak supply current 
Input diodes peak current 
Maximum voltage (pin 14) 
Positive clamp voltage 
Negative clamp voltage 
Differential input voltage 
Differential input voltage 
Total power dissipation at Tamb = 85°C 
Storage temperature 
Operating 
junction temperature 


60 
1 


20 
15 
15 
± 7 
± 8 
800 


-55 to 150 
-25 to 150 


mA 
A 
V 
V 
V 
V 
V 
mW 


°C 
°C 


L121A 


RAMP 
VOLTAGE 
16 
CURRENT 
GENERATOR 


AMPLIFIER 
OUTPUT 
15 
OUTPUT 
LOGIC CIRCUIT 


NON 
INV. AMPLIF 
INPUT 
14 
ZERO 
LOW 
VOLTAGE 


DETECTOR 


DC 
REFERENCE 
VOLTAGE 
13 
GND 


INV AMPLIFIER 
INPUT 
12 
GND 


STABILIZED 
DC 
SUPPLY 
11 
CHOPPER 


GATE 
PULSE 
OUTPUT 
10 
NEG. RECTIFIER 
SUPPLY 


POSITIVE RECTIFIER 
SUPPLY 
AC SUPPLY 
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L121A 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
refer 
to 
the 
test 
circuit 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


VS-12 
Positive clamp voltage 
10 
11.5 
13 
V 


V 10-12 
Negative clamp voltage 
10 
11.5 
13 
V 


VS-12 
External DC supply voltage 
10.5 
V 


V 10-12 
External DC supply voltage 
-10.5 
V 


V9-12 
Sync input threshold 
± 12.5 
V 


L121A 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V 14-12 
Minimum input voltage 
(pin 9 openl 
±2.5 
V 


V 1-12 
Ramp discharge level 
1.2 
V 


V 1-12 
Maximum 
ramp 
level 
5.2 
V 


Vl-2 
Comparator differential 
trigger 
70 
100 
mV 
level 


Gv 
Amplifier voltage gain 
V 2 (peak to peak) = 6V 
60 
70 
dB 
(open loop) 


V 2-13 
Max output voltage 
7 
V 


V2-13 
Min output voltage 
0.9 
V 


V 3-13, 
Input offset voltage 
R3-13= RS-13= 50.11 
3 
6 
mV 
VS-13 


Ib 
Input bias current 
0.1 
1 
"A 


V3-S 
Differential 
input voltage 
± 7 
V 


V3-13, 
Input voltage range 
0.5 
7.5 
V 
VS-13 


CMR 
Common 
mode 
rejection 
R3-13= RS-13 •••1kn 
60 
dB 


V 6-13 
Regulator output voltage 
8.3 
9.5 
V' 


16 
Max regulator 
output 
current 
3 
mA 


6V6 
Load regulation 
16=Ot03mA 
0.5 
2 
% 
----v& 


6V6 
Line 
regulation 
Va=12t014V 
16= 0 
46 
dB 


6Va 


SVR 
Supply voltage rejection 
Va = 12V 
friPPle= 50 Hz 
V ripple (peak to peak)= 4V 
46 
dB 


V4 
Reference voltage 
14= 10'"A 
1.5 
V 


V7-12 
Firing pulse amplitude 
positive 
4.5 
5.5 
V 
R7-12= 1 kn 
negative 
8 
9.5 
V 


17 
Maximum output current 
R7-12= 
10.11 
80 
mA 


tpw 
Output pulse width 
200 
"s 
R7-12= 50.11 
tr 
Output pulse rise time 
200 
ns 


L121A 


Fig. 
1 - Peak supply 
current 
vs. dropping 
resistor 
Rs 


Fig. 
4 
- 
Gate 
current 
vari- 


ation 
vs. 
ambient 
tempe- 
rature 


Fig. 2 - Maximum 
allowable 
average 
supply 
current 
vs. 
amb ient temperature 
<_,,,,I, 


Fig. 3- Gate pulse amplitude 
vs. gate resistance 
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Fig. 
5 
- 
Gate 
pulse 
width 
vs. Cll-1S 
Fig. 6 - Ramp 
width 
vs. ex- 
ternal 
ti me constant 
R 16· C 1 
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L121A 


O.OJ,lJf 
lOon 


rv 
220 -240V 


100' 
SO-60Hz 
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L 121A 
RL 


10J,JF 
10V 
10 
10 
'0 
'0 


lBOll. 
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O.1,uF 1* 
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'* Protection against overvoltages. 


PI: 
system hysteresis 
setting 


P2 : temperature 
setting 
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LINEAR 
INTEGRATED 
CIRCUIT 
L123 


HIGH 
PRECISION 
VOLTAGE 
REGULATOR 


• 
INPUT 
VOL TAGE 
UP TO 40V 
• 
OUTPUT 
VOLTAGE 
ADJUSTABLE 
FROM 2 TO 37V 


• 
POSITIVE 
OR NEGATIVE 
SUPPLY 
OPERATION 
• 
SERIES, 
SHUNT, 
SWITCHING 
OR FLOATING 
OPERATION 
• 
OUTPUT 
CURRENT 
TO 150 mA WITHOUT 
EXTERNAL 
PASS TRANSISTOR 
• 
ADJUSTABLE 
CURRENT 
LIMITING 
• 
THERMAL 
PROTECTION 


The 
L 123 is a monolithic 
integrated 
programmable 
voltage 
regulator, 
assembled in 14 lead dual in-line 


plastic 
package and 10 lead Metal Can (TO-100 
type). 
The circuit 
provides 
internal 
current 
limiting 
and 
thermal 
shut-down 
protection, 
when the output 
current 
excedes 150 mA an external 
NPN or PNP pass 


element 
may be used. Provisions are made for adjustable 
current 
limiting 
and remote shut-down. 


Vi 
b,vi_o 


10 
Iref 
Ptot 


Input voltage 
Dropout 
voltage 


Output 
current 


Current 
from 
V ref 


Power dissipation 
(at Tamb= 
70°C) 
Plastic DIP 
TO-100 


40 V 
40 V 
150 mA 
15 mA 


520 mW 


-25 to 150°C 
-65 to 150 °C 
Top· 
Tstg 


Operating 
junction 
temperature 
Storage temperatu re 


40 V 
40 V 
150 mA 
25 mA 


1W 


520 mW 


Ot070°C 
-65 to 150°C 


H 
14 
L8.38.J 


L123 


CONNECTION 
DIAGRAM 
AND 
ORDERING 
NUMBERS 
(top views) 


Ne 
Ne 


CURRENT 
CURRENT 
FREOUENCY 
LIMIT 
LIMIT 
" 


COMP 


CURf£NT 
" 
". 
S£NSE 


INVERTING 


INVERT 
INPUT 
'c 
INPUT 
NtN- 
3 
NON- 
iNVERTING 
INPUT 
INVERT 
'0 
'0 
INPUT 


"of 
" 
~~tf'dtOc.&H-Vs 


-" 
NC 


Type 
TO-100 
Plastic DIP 


L123 
L123T 
- 


L123C 
L123CT 
L123CB 


L123 


Vi = 12V 
Vo = 5V 
10 = 1 mA 
Rt//R2 
<;; 10 Kn 


L 123 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C 
unless 
otherwise 
specified) 


L123C 
L123 


Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


e,vo 
Line 
regulation 
Vi=12t015V 
0.01 
0.1 
0.01 
0.1 
% 


"'Vi 
V· = 12 to 40V 
0.1 
0.5 
0.02 
0.2 
% 


Vi 
12 to 15V; 
0.3 
0.3 
% 


T min 
~ Tamb ~ T max 


"'Vo 
Load regulation 
10= 1 to 50 mA 
0.03 
0.2 
0.03 
0.15 
% 
--v;;- 


T min 
~ T amb 
:s;;;:T max 
0.6 
0.6 
% 
10=1t010mA 


Vret 
Reference voltage 
Iref= 160 IJA 
6.8 
7.15 
7.5 
6.95 
7.15 
7.35 
V 


SVR 
Ripple rejection 
f = 100 Hz to 10KHz 
Cref= 0 
74 
74 
dB 
Cref= 5IJF 
86 
86 
dB 


"'V 0 
Output voltage drift 
150 
150 
ppm 
t:T 
---oc 


Isc 
Short circuit current 
Rsc= 10n 
Vo= 0 
65 
65 
mA 


limiting 


Vi 
Input voltage range 
9.5 
40 
9.5 
40 
V 


Vo 
Output voltage range 
2 
37 
2 
37 
V 


Vi-Vo 
3 
38 
3 
38 
V 


Id 
Qu iescent 
drain 
to = 0 
2.3 
4 
2.3 
5 
mA 
current 
Vi = 30V 


% 


Long term stability 
0.1 
0.1 
1000 
hrs 


eN 
Output noise voltage 
BW= 100 Hz to 10 KHz 
Cref= 0 
20 
20 
IJV 
Cref= 5IJF 
2.5 
2.5 
IJV 


Vz 
Output 
zener 
voltage 
Iz = 1 mA 
6.9 
7.7 
V 
(for plastic package 
only) 


Note: 
Tmin = 
O°C (L 123C); -25°C (L 123). 


Tmax= 70°C (L123C); 
150°C (L123). 
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Fig. 
1 - 
Maximum 
output 
current 
vs. 
voltage 
drop 


Fig. 
4 
- 
Load 
regulation 
characteristics 
without 
cur- 
rent 
limiting 
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Fig. 
7 - 
Line 
regulation 
vs. 
voltage 
drop 
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Fig. 
2 
- 
Current 
limiting 
characteristics 
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Fig. 
5 
- 
Load 
regulation 
characteristics 
with 
current 
limiting 
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Fig. 
8 - Load 
regulation 
vs. 
voltage 
drop 


Fig. 
3 
- 
Current 
limiting 
characteristics 
vs. 
junction 
temperatu 
re 


Fig. 
6 
- 
Load 
regulation 
characteristics 
with 
current 
limiting 
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Fig. 9 - Quiescent 
drain 
cur- 


rent vs. input 
voltage 
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Fig. 
10 
response 
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Fig. 
11 
- 
Load 
transient 
response 
Fig. 12 - Output impedance 
vs. frequency 


Fixed Output 
Output 
Adjustable 
Fixed Output 
Output 
Adjustable 
Output 
Applicable 
± 5% 
±10% 
(0) 
Output 
Applicable 
± 5% 
± 10% (0) 
Voltage 
Figures 
Voltage 
Figures 
R1 
R2 
R1 
PI 
R2 
R1 
R2 
R1 
Pi 
R2 


+ 3 
13,16,17 
4.12 
3.01 
1.8 
0.5 
1.2 
+100 
19 
3.57 
102 
2.2 
10 
91 
18,21,23 


+ 5 
13,16,17 
2.15 
4.99 
0.75 
0.5 
2.2 
+250 
19 
3.57 
255 
2.2 
10 
240 
18,21,23 


+ 6 
13,16,17 
1.15 
6.04 
0.5 
0.5 
2.7 
_ 6(00) 
15 
3.57 
2.43 
1.2 
0.5 
0.75 
18,21,23 


+ 9 
14,16,17 
1.87 
7.15 
0.75 
1 
2.7 
- 
9 
15 
3.48 
5.36 
1.2 
0.5 
2 
18,21,23 


+12 
14,16,17 
4.87 
7.15 
2 
1 
3 
- 12 
15 
3.57 
8.45 
1.2 
0.5 
3.3 
18,21,23 
0 


+15 
14,16,17 
7.87 
7.15 
3.3 
1 
3 
- 15 
15 
3.65 
11.5 
-1.2 
0.5 
4.3 
18,21,23 


+28 
14,16,17 
21 
7.15 
5.6 
1 
2 
- 
28 
15 
3.57 
24.3 
1.2 
0.5 
10 
18,21,23 


+45 
19 
3.57 
48.7 
2.2 
10 
39 
- 
45 
20 
3.57 
41.2 
2.2 
10 
33 


+75 
19 
3.57 
78.7 
2.2 
10 
68 
-100 
20 
3.57 
97.6 
2.2 
10 
91 


-250 
20 
3.57 
249 
2.2 
10 
240 


Outputs 
from 
+2 to + 7 volts 


F;g. 13.17.18,21,23,16 
VO' 
IV,., 
X 
__ 
R_'__ 
I 


Al 
+ R2 


Outputs 
from 
+7 to +37 volts 


F;g. 14, 16,17, 
18,21,23 


Vo' 
[V'.IX 
-.B..I 
+R, 
1 
R, 


Outputs 
from 
+4 to +250 
volts 


Fig. 19 


Vref 
R2 - 
AI 
[-2- 
X ---R-, -J; Rj' 
R. 


Output 
from 
-6 to -250 
volts 
Fig. 15,20 


Va'" 
[~x 
~1;Rj=R4 
2 
R, 


Foldback 
Current 
Limiting 


'KNEE' 
I 
Vo 
Rj 
+ 
VSENSE 
IR3 + R.) 


Rsc 
R4 
Rsc 
R4 


VSENSE 
R3 + R4 
ISHORT CKT= [~X 
--R-.--] 


L123 


Fig. 13 - Basic low voltage regulator 
(Vo =2 
t07V) 


":J'S< 
-oREGUl 
••TEO 


QVTPUT 
" 


R1· R2 
for minimum 
R1 + R2 
temperature drift. 


Typical 
performance 
Regulated Output 
Voltage 
Line Regulation {t:N; = 3Vl 
... 
Load Regulation (610 = 50 mAl 


.... 
5V 


.0.5 mV 
.1.5mV 


Typical 
performance 
Regulated Output 
Voltage 
Line Regulation {6V; = 3Vl 
.... 


Load Regulation (610 = 100 mAl 


. -15V 
.1 mV 
.2 mV 


Fig. 14 - Basic high voltage regulator 
(Vo = 7 to 37V) 


NOTE: 
R1· R2 
for minimum 
R1 + R2 temperature drift. 


Typical 
performance 
Regulated Output 
Voltage 
Line Regulation (6V; = 3V) 
... 


Load Regulation (610 = 50 mAl 


... 
15V 


.1.5 mV 
.4.5 mV 


Fig. 16 - Positive voltage regulator 
(External 
NPN PassTransistor) 


'0. 


13 


4 


", 


~m~" 
""" 
,J,1,1" 
.•.. 


.. +15V 
.1.5 mV 
.15 
mV 


Typical 
performance 
Regulated Output 
Voltage 
Line Regulation (6V; = 3V) 
. 


Load Regulation (610 = 1A) 


L123 


Fig. 17 - Positive voltage regulator 
(External 
PNP PassTransistor) 


Typical 
performance 
Regulated Output 
Voltage 
Line Regulation (6Vj = 3V) 
. 
Load Regulation (610 = 1A) 


... 
+5V 
.0.5 mV 
.. 5 mV 


Typical performance 
Regulated Output 
Voltage 


Line Regulation (6Vj = 20V) 
.. 


Load Regulation (610 = 50 mAl 


.+100V 
.15 mV 
.20 mV 


Typical performance 
Regulated Output Voltage 
Line Regulation (6Vj = 3V) 
... 
Load Regulation (610 = 10 mAl 
Current Limit 
Knee 
. 


... 
+5V 
.0.5 mV 
.. 
1 mV 


.20mA 


Typical performance 
Regulated Output 
Voltage 
Line Regulation (6Vj = 20V) 
... 
Load Regulation (610 = 100 mAl 


. -100V 
.30 mV 
.20 mV 


L123 


Fig. 22 - 
Remote shutdown 
regulator with 


currenf limiting 
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Typical performance 
Regulated Output voltage. 
Line Regulation (L'Ni = 30V) 
Load Regulation (610 = 2A) 


Typical performance 
Regulated Output Voltage 
Line Regulation (6Vi = 3V) ... 
Load Regulation (610 = 50 mAl 


... 
+5V 


.0.5 mV 
.1.5mV 
. .. +5V 
.10mV 
.80 mV 


", 


'1'.1,'1 
1"0'1, " 


112J 
let 


3~ 


R 2 
PI 
Rl 


~ 
"'1 


Typical performance 
Regulated Output Voltage 
Line Regulation (6Vi = 10V) 
... 


Load Regulation (610 = 100 mAl 


.. +5V 
.2 mV 
.5 mV 


L129 
L 130 
L 131 
LINEAR 
INTEGRATEO 
CIRCUITS 


3-TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


• 
OUTPUT 
VOLTAGES 
OF 
5,12, 
15V 
• 
OUTPUT 
CURRENT 
600 mA, 500 mA, 450 mA 
• 
SHORT 
CIRCUIT 
PROTECTION 
• 
OUTPUT 
TRANSISTOR 
SOA PROTECTION 
• 
EXCELLENT 
TRANSIENT 
RESPONSE 


The 
L129, 
L130, 
L131 three-terminal 
positive 
voltage 
regulators 
are available 
in SOT -32, 
TO-220 
and 


TO-3 
packages 
with 
3 fixed 
output 
voltages, 
making 
them 
useful 
in a wide 
range of applications. 
These 
regulators 
can 
provide 
local 
on-card 
regulation 
eliminating 
the 
distribution 
problems 
associated 
with 


single 
point 
regulation. 
Each 
type 
employs 
internal 
overload 
protection 
and 
short 
circuit 
protection. 


Although 
designed 
primarily 
as fixed 
voltage 
regulators, 
these 
devices 
can 
be used 
with 
external 
com- 
ponents 
to obtain 
adjustable 
output 
voltages 
and currents. 


L129 
L130, 
L131 
20 
27 


1.25 
14 


-55 
to 150 
-20 to 150 


Power 
dissipation 
at Tamb= 
25°C 
(SOT -32) 
at Tcase = 25°C 
(SOT -32) 
Storage 
temperature 


Operating 
junction 
temperature 


27-- 
18-- 


t 
1.2 
2.2 


058 
44 


TO-126 


10/80 


fr.;;;. ", ~•.m 
Jl 


il,; ~~:-l! !I~' 


,,..,,, 


0.4 


L129 
L130 
L 131 


O 


UPUT 


,0 


o 
0' 
GNO 


'0 


INPUT 


Type 
SOT-32 
TO-220 
TO-3 
Output Voltage 


L129 
L129 
L129V 
L005 Tl 
5V 


L130 
L130 
L130V 
L036 Tl 
12V 


L131 
L131 
L131V 
L037 Tl 
15V 


L129 
L 130 
L 131 


~IZ2 
.6 


'At ,. 


Z1 
, , 
Z2 
.7 


", I 


"II 


", I 
, I 


", , 
, I 


-..., r 
- 
-- 


"rr 
, 
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, I 
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: 
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" 
I 
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II 
10 
"'0 
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, , 
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: 
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RlJ 
, 
, 


I 
, 
--' 
,,,, 
I, 


RII 
I-' 


S.ln 
" 


v,o-~ 
'. 
'.Jl '. 


)()"," 
l,70OlfJ 
B~~ 


Rth j-case 
Rth j-amb 


Thermal 
resistance 
junction-case 


Thermal 
resistance 
junction-ambient 


L129 
L130 
L131 


SOT-32 
TO-220 
TO-3 


max 
9 °C/W 
3°C/W 
4°C/W 


max 
100 °C/W 
50 °C/W 
35°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
10 = 10 mA, 
CL = 10 IlF 
unless 
otherwise 


specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Output voltage 
L129 
Vi = 
7.5 to 20V 
4.75 
5 
5.25 


L130 
Vi = 14.5 to 27V 
11.4 
12 
12.6 
V 


L131 
Vi = 17.5 to 27V 
14.25 
15 
15.75 


l'No 
Load regulation 
10= 10 to 600 mA 
0.3 
1 
% 


10 
Regu lated 
output 
current 
L129 
l'No 
600 
850 


L130 
--<;; 
1% 
500 
720 
mA 


L131 
Vo 
450 
600 


10 MAX 
Maximum 
output 
current 
L129 
Tease = 25°C 
0.93 
1.2 
A 


Tease= 85°C 
1 
L130 
Tcase = 25eC 
0.75 
1 
A 


Tease = 85°C 
0.8 
L131 
Tease = 25"C 
0.68 
0.9 


Tcase 
= 85°C 
0.8 
A 


Isc 
Output 
short-eircu 
it 
L129 
200 
250 


current 
L130 
100 
200 
mA 


L131 
85 
160 


Id 
Quiescent 
drain 
current 
9 
mA 


l'No 
Line regulation 
L129 
Vi= 
7.5 to 12V 
5 
23 


L130 
Vi = 14.5 to 21V 
6 
33 
mV 


L131 
Vi = 17.5 to 24V 
6 
33 


l'No 
Temperature coefficient 
L129 
0.5 


t.Tamb 
L130 
Tamb= -20 to 85°C . 
1.2 
mV/oC 


L131 
1.5 


eN 
Output noise voltage 
L129 
CL= 20llF 
70 
L130 
B = 10Hz to 100 kHz 
150 
L131 
180 
IlV 


Ro 
Output 
resistance 
L129 
10= 600 mA 
15 


L130 
10= 500 mA 
20 
m.Q 


L131 
10=450mA 
60 


SVR 
Supply voltage reiection 
L~29 
t.Vi~4Vp.p 
46 
60 
L130 
f=100Hz 
46 
60 
dB 
L131 
46 
56 


L129 
L 130 
L 131 


Fig. 1 - Output 
voItage vs. 


output current (L 129) 


Fig. 4 - Power rating chart 
(for SOT -32) 


Fig. 7 - Dropout voltage vs. 
junction temperatu re(L 129) 


Fig. 2 - Output 
voltage vs. 


output current (L 130) 


Fig. 5 - 
Regulated output 
current 
vs. junction 
tem- 
peratllre 
.. 
I 
') 
00 


6Vo"".,· 


00 
I 


•.....•• ll29{Vj_12V) 
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Fig. 3 - Output 
voltage vs. 


output current (L 131) 


Fig. 6 - 
Maximum 
output 
current 
vs. junction 
tem- 


perature 


Fig. 9 - Dropout voltage vs. 
junction temperature (L 131) 
Fig. 8 - Dropout voltage vs. 
junction temperature (L 130) 


L129 
L130 
L 131 


Fig. 10 - Short-circuit 
cur- 
rent vs. input voltage (L 129) 
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Fig. 11 - Short-circuit 
cur- 
rent vs. input voltage (L130) 
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Fig. 12 - Short-circuit 
cur- 
rent vs. input voltage (L 131) 
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Fig. 
13 - Short-circu it vs. 
Fig. 
14 - Short-circuit 
vs. 
Fig. 
15 - Short-circuit 
vs. 


junction temperature (L 129) 
junction temperature (L 130) 
junction temperature (L131) 
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Fig. 
16 - 
Quiescent drain 
current 
vs. 
junction 
tem- 
perature (L129) 


Fig. 
17 - 
Quiescent drain 
current 
vs. junction 
tem- 
perature (L130) 


Fig. 
18 - 
Quiescent drain 
current 
vs. junction 
tem- 
perature (L 131) 


L129 
L130 
L 131 


Fig. 
19 
- 
Quiescent 
drain 
current 
variation 
vs. junction 
temperature 
(L 129) 


Fig. 
22 
- 
Supply 
voltage 
rejection 
vs. frequency 


Fig. 
20 
- 
Quiescent 
drain 
current 
variation 
vs. junction 
temperature 
(L130) 
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Fig. 
23 
- 
Supply 
voltage 
rejection 
vs. 
regulated 
out- 
put current 
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Fig. 
21 
- 
Quiescent 
drain 
current 
variation 
vs. junction 
temperature 
(L131) 


Fig. 
24 
- Output 
resistance 


vs. frequency 
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Fig. 32 - Low consumption circuit to increase output 
voltage 
vo= 
VI 
(1 +~) 
+ VBE 
(1 + ~ 
+ 
_Id__ 
• R2- 


Rl 
RI 
hFEQ1 


Id = 
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L146 
LINEAR 
INTEGRATED 
CIRCUIT 


HIGH 
PRECISION 
HIGH 
VOLTAGE 
REGULATOR 


• 
INPUT VOLTAGE 
UP TO 80V 
• 
OUTPUT VOLTAGE 
ADJUSTABLE 
FROM 2 TO 77V 
• 
POSITIVE 
OR NEGATIVE 
SUPPLY OPERATION 
• 
SERIES. SHUNT, SWITCHING 
OR FLOATING 
OPERATION 
• 
OUTPUT CURRENT 
UP TO 150 mA WITHOUT 
EXTERNAL 
PASS TRANSISTOR 
• 
ADJUSTABLE 
CURRENT 
LIMITING 
• 
THERMAL 
PROTECTION 


The 
L 146 is a monolithic 
integrated 
programmable 
voltage regulator 
in 14 lead dual 
in-line 
plastic 


package and 10 lead Metal Can (TO-100 
type). 
It is made with 
high voltage technology 
and provides 


internal current 
limiting 
and thermal 
shut down protection; 
when current 
exceeds 150 mA an external 
NPN or PNP pass element may be used. Provisions are made for adjustable current 
limiting 
and remote 


shut down. The L146 is intended to widen the application 
range of L123 up to 80V. 


Vi 
Vi-Vo 


10 
Iref 
Pd 


Input voltage 
Voltage drop 
Output 
current 
Current from V ref 
Power dissipation 
(at Tamb= 
70°C) Plastic DIP 
TO-100 
Operating junction 
temperature 
L 146 
L146C 


80 
V 
78 
V 


150 
mA 
8 
mA 


1 
W 
520 
mW 
-25 to + 85°C 
o to 
+70 
°C 
-65to+150 
°C 


8 
L:t 


~ 


~ 


L146 


CONNECTION 
DIAGRAMS 
(top 
view) 


NO 
NO 


CURR(NT 
" 


FREQUENCV 


LI~\T 
COMP 


CURRENT 
" 
.'. 
SENSE 


INVERT 
'0 
INPUT 


NON- 


'0 
'0 
INVERT 
INPUT 


Vret 
" 


-'\; 
NO 


Type 
TO-100 
Plastic DIP 


L146 
L146 T 


L146 C 
L 146 CT 
L 146 CB 


L146 


R3 
Rl1 


01 
Q3 
Q9 


R2 


R4 
05 


R6 


02 


R7 


RIO 


R8 


* ONLY 
IN 
PLASTIC 
DIP 


Vref 


9 
Vj----. 
.Vs 
Vc 


'lr,>t 6 
12 
1110 
Vo 
-, 


9 
Vz 


2 CL 
~ 


3~- 


RSC 
-e=J l 


-+---() 
REGULAT~D 
OUTPUT 


~ 


R3 


Vj = 12V 
Vo= 
5V 
10= 1 mA 


R}//R2';;; 
10 Kn 


L146 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C 
unless 
otherwise 


specified) 


L146 C 
L146 
Parameter 
Test 
conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


t;Vo 
Line regulation 
Vi=12t015V 
0.05 
0.15 
0.05 
0.15 


t;Vi 
Vi~12t040V 
0.1 
0.5 
0.1 
0.2 
% 
. V i ~ 40 to 80V 
0.1 
0.5 
0.1 
0.2 


t;Vo 
Load regulation 
Vi = 12V 
Vo=5V 
0.03 
0.2 
0.03 
0.15 
% 
--v;;- 
10 = 1 to 50 mA 


Vi = 40V 
Vo = 37V 
0.1 
0.5 
0.1 
0.3 
% 
10=1t010mA 
: 


Vi = 80V 
Vo = 77V 
I 0.12 
0.8 
0.12 
0.5 
% 
lo~ 
1 to 10mA 


Vref 
Reference voltage 
Iret= 160 "A 
7.75 
8.15 
8.55 
7.9 
8.15 
8.4 
V 


t;Vret 
Iret= 160 "A to 5 mA 
4 
14 
4 
14 
mV 


SVR 
Ripple rejection 
f = 100 Hz to 10 KHz 
Cret= 0 
60 
60 
dB 
Cret= 5 "F 
88 
88 


t;Vo 
Output voltage drift 
150 
150 ~ 
b:T 
°C 


Isc 
Short circuit current 
Rsc= lOn 
Vo= 0 
50 
60 
70 
50 
60 
70 
mA 
limiting 


Vi 
Input voltage range 
10 
80 
10 
80 
V 


Vo 
Output voltage range 
2 
77 
2 
77 
V 


Vi - Vo 
Voltage drop 
3 
78 
3 
78 
V 


Id 
Quiescent drain current 
10= 0 
Vo = 5V 
(including Iref= 160 "A) 
Vi = 12V 
4 
5.5 
4 
5.5 
Vi = 40V 
5.6 
7 
5.6 
7 
mA 
Vi ~ 80V 
6 
7.5 
6 
7.5 


lIld 
Quiescent drain current 
10= 1 mA 
Vi = 12 to 40V 
2.2 
1.6 
mA 
change 
Vo= 5V 


Vi=12t080V 
2.6 
2 
mA 


% 


Long term stability 
0.1 
0.1 
TOOo 
hrs 


eN 
Output 
noise voltage 
BW ~ 100 Hz to 10 KHz 
Cret= 0 
300 
300 I 
"V 
Cret= 5"F 
30 
30 


Vz 
Output 
zener voltage 
Iz= 1 mA 
6.9 
7.7 


I 


V 
(for plastic package only) 


L146 


Fig. 
1 - 
Maximum 
output 
current vs. voltage drop 


Fig. 4 - Load regulation vs. 
output 
current 
(without 
current limiting) 
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Fig. 2 - Load regulation vs. 
output 
current 
(with 
cur- 


rent limiting) 
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Fig. 
5 
- 
Current 
limiting 
characteristics 
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Fig. 
8 
- 
Load 
transient 
response 
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Fig. 3 - Load regulation vs. 
output 
current (with current 
limiting) 


Fig. 
6 
- 
Current 
limiting 
characteristics 
vs. junction 
temperatu re 
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I. 
(V) 
(mAl 


Fig. 9 - Output 
impedance 


vs. frequency 


L146 


Positive 
Fixed output 
Applicable 
± 5% 


output 
figures 
voltage 
R1 
R2 


+6 
10,13,14 
2.4 
6.8 


18,20 


+12 
3.2 
6.8 


+30 
11,13,14, 
15 
5.6 


+50 
15,18,20 
24 
47 


+70 
30 
39 


+100 
2.7 
68 
16 


+250 
4.7 
120 


Negative 
Fixed output 
Applicable 
± 5% 
output 
figures 
voltage 
RI 
R2 


-9 
2.2 
2.7 


-12 
1.5 
3 
12 


-30 
4.7 
30 


-50 
2.7 
30 


-100 
2 
47 


17 
-250 
2 
120 


Outputs 
from 
+2 
to +7 volts 
F;g. 10. 13, 14, 15, 18,20 


VOUT= 
[VREF 
X 
-R 
R2R 
1 
I + 
2 


Outputs 
from 
+4 
to +250 
volts 


Fig. 
16 


VREF 
R2-R1 


VOUT= [-2-- X 
--R-,--]: 
R3= R4 


Outputs 
from +7 to +77 volts 
F;g. 11,13,14,15,18,20 


VOUT= 
[VREFX~ 
R2 


Output from -6 to -250 volts 


Fig. 
12, 
17 


VOUT = [ 
V;EF 
X 
R 
, 


;lR~J: 
R3= R4 


Foldback 
Current 
Limiting 


I 
KNEE 


= I 
VOUT 
R3 
+ 
VSENSE 
IR3 + R41 


Rsc 
R4 
Rsc 
A4 


VSENSE 
R3 + R4 
'SHORT 
CKT= [ --R-,-,-X 
--R-4--] 


L146 


Fig. 10 - Basic low voltage regulator 
(VOUT= 
2 to 7V) 


for minimum 
temperature 
drift. 


Typical 
performance 
Regulated Output Voltage 
Line Regulation (t,vi = 3V) 
... 


Load Regulation (£110= 50 mAl 


... 
5V 
.0.5 mV 
.1.5 mV 


=!:,' 


_V:s.~100pF 
t -J. 
RE:C>Ul 
••.TED 


-OUTPUT 
,.~ 


Typical 
performance 
Regulated Output Voltage 
Line Regulation (£1Vi= 3V) 
Load Regulation (£110= 1 A) 


.+15V 
.1.5 mV 
.15 mV 


Fig. 11 - Basic high voltage regulator 
(VOUT= 7 to nV) 


for minimum 
temperature 
drift. 


Typical 
performance 
Regulated Output 
Voltage 


Line Regulation (£1Vi= 3V) 
... 


Load Regulation (£110= 50 mAl 


... 
15V 


.1.5 mV 
.4.5 mV 


Fig. 13 - Positive 
voltage regulator (External 


NPN PassTransistor) 
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Typical 
performance 
Regulated Output Voltage 
Line Regulation (£1Vi = 3V) 
Load Regulation (£110= 100 mAl 


.15V 
.1 mV 
.2 mV 


L146 


Fig. 
14 - Positive 
voltage 
regulator 
(External 
PNP Pass Transistor) 


Typical 
performance 
Regulated 
Output 
Voltage 


Line 
Regulation 
(lIVj = 3Vl 
. 
Load 
Regu lation 
(lIlo = 1Al . 


... 
+5V 


.0.5 mV 
.. 5 mV 


J~:r'R,- 


", 


I1_ 


Typical 
performance 
Regulated 
Output 
Voltage 
Line Regulation 
(lIVj = 20V) 
.. 
Load 
Regulation 
(lIlo = 50 mAl 


. +100V 
.15 mV 
.20 mV 


Typical 
performance 
Regulated 
Output 
Voltage 
Line Regulation 
(lIVj = 3V) 
... 


Load 
Regulation 
(lIlo = 10 mAl 
Current 
Limit 
Knee 
. 


Typical 
performance 
Regulated 
Output 
Voltage 
Line 
Regulation 
(lIVj = 20V) 
... 


Load 
Regulation 
(lIlo = 100 mAl 


... 
+5V 
.0.5 mV 
.. 
1 mV 
.20mA 


. -100V 
.30 mV 
.20 
mV 


L146 


Fig. 19 - 
Remote shutdown 
regulator with 
current limiting 
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Typical 
performance 
Regulated Output Voltage 
Line Regulation (6Vj = 30V) 
Load Regulation (610 = 2A) . 
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Typical 
performance 


Iiegulated Output Voltage 
Line Regulation (6Vj = 10V) 
Load Regulation (610 =100 mAl 


.. +5V 
.2mV 
.5mV 
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Output voltage 
Max 
output 
cu rrent. 


Input voltage range. 
Line regulation 
. 


Load regulation. 
Ripple 
Efficiency 
Switching frequency 


... 
13.5V 
.. 3A 
.20 to 30V 
50 dB Oo~ 2A) 6Nj= 
10V 
0.1% (Lllo= 3A) 
.. 
100 mVpp 


.75%Oo=3A) 
.25 
KHz 


lOOK n 


47~'f<' ,., 
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/ 
/ 
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L149 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
L149 is a general 
purpose 
power 
booster 
in Pentawatt 
® package 
consisting 
of a quasi-complemen- 
tary 
darlingtons 
output 
stage with 
the associated 
biasing 
system 
and inhibit 
facility. 
The circuit 
features 
are: 


High output 
current 
(4A peak) 


- 
High current 
gain (10000 
typ.) 
Operation 
up to ± 20V 
Thermal 
protection 


The 
device 
is particularly 
suited 
for use with 
an operational 
amplifier 
inside a closed 
loop configuration 
to increase 
output 
current 
(Po= 
20W, d = 0.5%, 
RL = 4n, 
Vs= ± 16V). 


Short 
circuit 
protection 
Operation 
within 
SOA 
High slew-rate 


Power 
dissipation 
at Tcase= 
70°C 
Storage 
and junction 
temperature 


±20 
Vs 
3 
4 
-Vs +5 


-Vs-1.5 
26 
-40 
to 150 


Supply 
voltage 
Input 
voltage 
DC output 
current 
Peak output 
current 
(internally 
limited) 
Input 
inhibit 
voltage 


L149 


o 
;I~======-----_;: o,~~i~ 


(tab 
connected 
to 
pin 
3) 
5-4025 


2()-------- 


INPUT 


L149 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
± 20 
V 


Id 
Quiescent drain current 
Vs = ± 16V 
30 
mA 


lin 
Input current 
Vs = ± 16V 
Vi = OV 
200 
400 
/JA 


hFE 
DC current gain 
Vs = ± 16V 
10 = 3A 
6000 
10000 
- 


Gv 
Voltage gain 
Vs = ± 16V 
10= 1.5A 
1 
- 


V CEsat 
Saturation voltage 
10 =3A 
3.5 
V 
(lor each transistor) 


Vos 
Input offset voltage 
Vs=±16V 
0.3 
V 


V1NH 
Inhibit 
input voltage 
ON condition 
± 0.3 


(pins 1-3) 
V 
OFF condition 
± 1.2 


R1NH 
Inhibit 
input 
resistance 
1=1 
KHz 
2.0 
Kn 


SR 
Slew rate 
30 
V//Js 


B 
Power bandwidth 
Vs= ±18V, 
d = 1%, 
RL=8n 
200 
KHz 


1 


---00UT 


1n 


-- 
E1"'F 11"'F 


L149 


Fig.1 - Maximum saturation 
voltage 
vs. output 
current 
Fig. 
2 
- 
Current 
limiting 
characteristics 


I, 
I 


(AI. 
t; 


Fig. 
3 
- 
Supply 
voltage 
rejection vs. frequency 


>0 
0 


20 


:t~ 


30 


'0 


., 


f 


60 
, 
ta(A) 


NPN , " " 


2< 
30 " 
~2vcJ.V) 
'" 
PNP -42 ." 
-30 
-2< 
-" 
-" 


rO.1AJF 


Fig. 5 - Distortion 
vs. out- 
put power (f = 1 KHz) 


1= 
RL_8ll. 


=- 


G••.~30d8 
vs·J6v 
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- 
I 
I 
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I 
1 


.-!-+- 


RL~8 n 
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~ 
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I 
-- 


- 
1+ 
I 
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220hR 
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$-4020 


Fig. 6 - Distortion 
vs. out- 
put 
power 
(f= 
10 
KHz) 
Fig. 7 - 
Output 
power vs. 


supply voltage 
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C1 
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L 149 


L165 
LINEAR 
INTEGRATED 
CIRCUIT 


3A 
POWER 
OPERATIONAL 
AMPLIFIER 


The L165 is a monolithic 
integrated circuit 
in Pentawatt® 
package, intended for use as power oper- 
ational amplifier 
in a wide range of applications, including servo amplifiers and power supplies. The high 
gain and high output 
power capability provide superior performance wherever an operational amplifier/ 


power booster combination is required, 


Output current up to 3A. 
Large common-mode and differential 
mode ranges. 
SOA protection. 
Thermal protection. 


Vs 
Vi 
Vi 


10 
PIOI 
T stg' Tj 


Supply voltage 
Input voltage 
Differential 
input voltage 
Peakoutput current (internally limited) 
Power dissipation at Tcase= 
90°C 
Storage and junction temperature 


±18 
Vs 
±15 
3.5- 
20 
-40 to 150 


~ 


I 
10.4~' 
I 


L165 


CONNECTION 
DIAGRAM 
(top view) 


0' ~Ii: 
~~TPUT 


2 
======:::. 
INVERTING INPUT 


. 
. .1~ 
NON INVERTING INPUT 
I 
5-2628/1 


L165 


Parameter 
Test 
conditions 
Min. 
Typ .. 
Max. 
Unit 


Vs 
Supply voltage 
± 6 
±18 
V 


Id 
Quiescent drain current 
40 
60 
mA 


Ib 
Input bias current 
0.2 
1 
iJA 


Vs=±18V 


Vas 
Input offset voltage 
± 2 
±10 
mV 


los 
Input offset current 
±20 
±200 
nA 


SR 
Slew-Rate 
Gv- 10 
8 


V/iJs 


Gv= 1 (0) 
6 


Vo 
Output voltage swing 
f = 1 kHz 
Ip ~ 0.3A 
27 
Vpp 
Ip = 3A 
24 


f=10kHz 
Ip = 0.3A 
27 
Vpp 
Ip = 3A 
23 


Ri 
Input resistance (pin 1) 
100 
500 
Kn 
f ~ 1 KHz 
Gv 
Voltage gain (open loop) 
80 
dB 


eN 
Input noise voltage 
2 
iJV 
B=10to10000Hz 
iN 
Input 
noise current 
100 
pA 


CMR 
Common mode rejection 
I 


Rg'" 
10 Kn 
Gv= 30 dB 
70 
dB 


SVR 
Supply voltage rejection 
Rg= 22 kn 
Gv=10 
60 
dB 
V ripple= 0.5 Vrms 
f ripple= 100 Hz 
Gv = 100 
40 
dB 


1) 
Efficiency 
f = 1 kHzllp 
= 1.6A; 
Po = 
5W 
70 
% 


RL=4n 
IIp=3A; 
Po = 18W 
60 
% 


TSd 
Thermal shut-down case 
Ptat~ 12W 
110 
°C 
temperatu 
re 
Ptat= 
6W 
130 


L165 


Fig.1 
-Open 
loop frequency 


response 


Fig. 
4 
- 
Maximum 
output 
current 
vs. 
voltage 
[VeEl 
across 
each 
output 
transistor 


Fig. 
2 - 
Closed-loop 
fre- 
Fig. 
3 - 
Large 
signal 
fre- 
quency 
response 
(circuit 
of 
quency 
response 
fig. 8) 
,. 
'0 
:1) 


h'pp) 


180 


..••• : ~ 15'1 


'" 
90 
" 


RL :SOA 


• 
~ 
_ 
--.0--- 
" 
" 
PH.,. 
'" 
I 


GAIN 
" 
- I 
" 


Fig. 
5 - Safe operating 
area 
and 
collector 
characteristics 
of 
the 
protected 
power 
transistor 


Fig. 6 - Maximum 
allowable 
power 
dissipation 
vs. 
am- 
b ient temperatu 
re 


\ 
\.e-Ptot 
:k 
\ 
\ 


m ••.• 
\ 


L165 


220 


::I: "F 


:_ 
~~~.Yi 
• 


Note 
- 
V z must be chosen in order 
to verify 
2 Vi - Vz .;; 36V 


B:forVi~±18V 


IIQ22 


I ~"F 
::I: 


80536 
06 
lQOKfi 
2"'. 


Fig. 11 - Bidirectional speed control of 
DC motor 
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L194 
Series 
LINEAR 
INTEGRATED 
CIRCUITS 


PRELIMINARY 
DATA 


POSITIVE 
VOLTAGE 
REGULATORS 
WITH RECTIFYING 
BRIDGE 


• 
OUTPUT 
VOLTAGE: 
5V,12V 
AND 
15V 
• 
OUTPUT 
CURRENT 
UP TO 500 mA 
• 
SHORT 
CIRCUIT 
PROTECTION 
• 
THERMAL 
OVERLOAD 
PROTECTION 
• 
OVE RVOL TAGE 
PROTECTION 
(60V - 10 ms) 


The 
L194-5, 
L194-12 
and 
L194-15 
are 
fixed 
voltage 
regulators 
assembled 
in Pentawatt 
® 
package. 


They 
incorporate 
a rectifying 
diode 
bridge 
with 
7 A surge current 
capability. 


Peak input 
voltage 
(lOms) 
DC input 
voltage 
(at pin 2) 
AC input 
voltage 
(rms) 


Peak reverse 
voltage 
across 
each diode 


Input 
diode 
repetitive 
current 
Input 
diode 
surge current 
(10 ms) 
Output 
current 
Power 
dissipation 
Storage 
temperature 


Operating 
junction 
temperature 


60 
40 
28 
80 
2 
7 


Internally 
limited 


Internally 
limited 
-65 to 
+ 150 
-25 to + 150 


ORDERING 
NUMBERS: 
L194-5V 
(Vo= 
5V) 
L194-12V 
(Vo= 12V) 
L194-15V 
(Vo= 
15V) 


L194 
Series 


CONNECTION 
DIAGRAM 


(top view) 


R1h j-case 
Rlhi-amb 
Thermal resistance junction-case 
Thermal resistance junction-ambient 
°C/W 
°C/W 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Id 
Quiescent drain 
10= 0 
Vi (pin 2) ~ 28V 
5 
14 
mA 
current 


Vo 
Output voltage 
V = 15V IL194-5) 
4.75 
5 
5.25 


10= 100mA 
V =22V 
(L194-12) 
11.4 
12 
12.6 
V 
V = 25V (L194-15) 
14.25 
15 
15.75 


{',v 0 
Line Regulation 
V = 
8 to 18V IL194-5) 
5 


10=100mA 
V = 15 to 25V IL194-12) 
10 
mV 
V = 18 to 28V IL194-15) 
15 


L194 
Series 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


!'No 
Load Regulation 
10 = 10 to 
Vi = 15V IL194-5) 
1 
----v;;- 
Vi = 22V IL194-121 
1 
% 
250 mA 
Vi ~ 25V IL194-151 
1 


Vj_O 
Dropout voitage 
10= 300 mA 
2 
3 
V 
Ipin 2-41 


!'.vo 
Output voltage drift 
Vi = 15V IL194-51 
0.3 
6T 
10= 100mA 
Vi = 22V IL194-121 
0.6 
mVrC 
Vi = 25V IL194-151 
0.8 


10 
Output 
current 
toV 
L194-5/12 
500 
mA 
+~1% 
L194-15 
I-I 
300 
0 


Isc 
Short-circuit 
current 
Vi = 15V IL194-51 
700 
Vi=22V 
(L194-121 
500 
mA 
Vi = 25V IL194-15) 
400 


Ip 
Peak output current 
0.7 
1.4 
A 


SVR 
SuppIy vol tage 
f=100Hz 
L194-5/12 
46 
Rejection 
10= 200 mA 
L194-15 
40 
dB 


toVi ~ 10V 


Ro 
Output 
Resistance 
f = 1 kHz 
10= 100mA 
80 
mn 


Vd 
Diode Forward 
If = 1A 
1.6 
V 
Voltage 
If~ 5A 
4.5 


I peak = ~ 
V 5 
< 7 A 


5 


2[1 
5[J 


In the 
design 
of 
power 
supplies 
using 
the 
L194, 
it must 
be always 
verified 


that: 


where 
Rs is the 
sum of the transformer 


resistance, 
the 
equivalent 
diode 
re- 
sistance 
and external 
resistors. 


L194 
Series 


The 
Absolute 
Maximum 
Ratings 
guarantee 
a max 
of 40V 
at pin 2 with 
max 
peak 
current 
of 7 A in the 
rectifying 
diodes. 


To avoid 
to damage 
the 
device, 
a suitable 
transformer 
secondary 
must 
be used so that 
even when 
there 
are network 
variations 
the 
limits 
set are always 
respected 
during 
operation. 


For 
example, 
with 
a nominal 
voltage 
of 24 V rms the 
maximum 
variations 
due to the transformer 
toler- 
ance are ± 20% . 
In 
order 
to 
limit 
(to 
the 
maximum 
value 
allowed) 
the 
current 
peak, 
which 
occurs 
in diodes 
during 
switch-on, 
an external 
resistance 
RE,in 
series with 
the secondary 
of the transformer, 
must 
be introduced. 
Supposing 
that 
the 
capacitor 
of the filter 
is discharged 
at switch-on, 
the following 
equivalent 
circuit 
can 
be drawn: 


R[lRE 
RD 


V 
rv 
s 


5-"320 


V 5 
Secondary 
voltage. 


RT 
Secondary 
resistances 
of transformer. 


Ro 
Resistance 
produced 
by 
the 
diode 
pair 
involved 
in 
• 
conduction. 


If values 
RT and 
Ro 
are known 
RE is calculated 
in such a way that 
the peak 
current 
at switch-on 
does 


not exceed 
7 A. 


For the 
5V, with 
the 
nominal 
voltage 
of the 
1OVA transformer 
at 12V and with 
a total 
voltage 
variation 


of ±15%, 
the transformer 
secondary 
is connected 
directly 
to pins 
1 and 5. 


For correct 
use of the device 
at 15V the graph 
in fig. 1 gives the max output 
current. 


Fig. 
1 - Guaranteed 
output 
current 
vs. secondary 
voltage 


Note: 


V s nom 
= 24.6 
V rms for 220V 
± 15%. 


V s nom 
= 23.55 V rms for 220V 
± 20%. 


LINEAR 
INTEGRATED 
CIRCUIT 
L200 


ADJUSTABLE 
VOLTAGE 
AND 
CURRENT 
REGULATOR 


• 
ADJUSTABLE 
OUTPUT CURRENT 
UP TO 2A (GUARANTEED 
UP TO Tj= 
150°C) 
• 
ADJUSTABLE 
OUTPUT VOLTAGE 
DOWN TO 2.85V 
• 
INPUT OVERVOL TAGE PROTECTION 
(UP TO 60V, 10 ms) 
• 
SHORT CI RCUIT PROTECTION 
• 
OUTPUT TRANSISTOR 
S.O.A. PROTECTION 
• 
THERMAL 
OVERLOAD 
PROTECTION 
• 
LOW BIAS CURRENT 
ON REGULATION 
PIN 
• 
LOW STANDBY 
CURRENT 
DRAIN 


The 
L200 
is a monolithic 
integrated 
ci~cuit 
for 
voltage and current 
programmable 
regulation. 
It is 
available in Pentawatt® 
package or 4-lead TO-3 
metal case. Current limiting, 
power limitinq, 
thermal 


shutdown 
and input 
overvoltage 
protection 
(up to 60V) 
make the L200 virtually 
blowout 
proof. 
The 
L200 can be used to replace fixed 
voltage regulators when hiqh output 
voltage precision is required and 


eliminates the need to stock a range of fixed voltage regulators. 


V, 
Vit;vi_o 
10 
Ptot 
Tstg 
Top 


DC input voltage 
Peak input voltage (10 ms) 
Dropout 
voltage 
Output 
current 
Power dissipation 
Storage temperature 
Operating junction 
temperature 
for L200C 
for L200 


40 
V 


60 
V 


32 
V 
internally 
limited 
internally 
limited 
-55 to 150 
°C 
-25 to 150°C 
-55 to 150 
°C 


L200 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 


(top views) 


~ 


5~i 
OUTPUT 


GND0 
;~ \~:~::E 


1 
INPUT 
~--~ 


Type 
Pentawatt® 
TO-3 


L 200 
L 200 T 


L 200 C 
L 200 CH 
L 200 CT 
L 200 CV 


-- 
105 
OUTPUT 


\CURRENT 
/liMITING 


2 


L200 


Rth 
j-case 


Rth 
j-amp' 


4°C/W 
35°C/W 
3°C/W 


50°C/W 


Thermal 
resistance 
junction-case 


Thermal 
resistance 
junction-ambient 


Id 
Quiescent drain current (pin 3) 
Vj = 20V 
4.2 
9.2 
mA 


eN 
Output noise voltage 
Vo= 
Vref 
10=10mA 


B = 1 MHz 
80 
IJ.V 


Vo 
Output voltage range 
10=10mA 
2.85 
36 
V 


DNo 
Voltage load regulation 
lIlo= 2A 
0.15 
1 
% 
---v;;- 
(note 1) 
lIlo= 1.5A 
0.1 
0.5 
% 


lIVi 
Line regulation 
Vo= 5V 
10=500mA 


lIVo 
Vj=8to18V 
54 
70 
dB 


SVR 
Supply voltage rejection 
Vo= 5V 
10=500 mA 


lIVi= 
10 Vpp 
f = 100 Hz Inote 2) 
60 
70 
dB 


L200 


Parameter 
Test conditions 
Min. 
Typ. 


I 


Max. 
Unit 


/',Vi_o 
Droupout voltage between 
10 = 1.5A 
/',Vo ~ 2% 
2 
2.5 
V 


pins 1 and 5 


Vret 
Referencevoltage (pin 4) 
Vi = 20V 
10 = 10 mA 
2.65 
2.77 
2.85 
V 


/',Vret 
Averagetemperature 
Vi = 20V 
10 = 10 mA 


coefficient of reference voltage 
for Tj= -25 to 125°C 
-0.25 
mV/oC 


for Tj= 125 to 1500C 
-1.5 
mV/"C 


14 
Bias current at pin 4 
3 
10 
IJA 


/',14 
Average 
temperatu 
re 
-0.5 
%/"C 
/',T·14 
coefficient (pin 4) 


Zo 
Output impedance 
Vi = 10V 
Vo= Vret 
10= 0.5A 
f=100Hz 
1.5 
mil 


Vsc 
Current limit sensevoltage 
Vi=10V 
Va 
= Vret 
between pins 5 and 2 
0.39 
0.45 
0.51 
V 


/',Vsc 
Average 
temperatu 
re 
0.03 
%/"C 


/',T· 
Vsc 
coefficient of Vsc 


/',10 
Current load regulation 
Vi = 10V 
/',Vo= 3V 


-10-- 
10= 0.5A 
1.4 
% 


10= 1A 
1 
% 


10= 1.5A 
0.9 
% 


Isc 
Peak short circuit current 
Vi-Vo=14V 
(pins 2 and 5 short circuited) 
3.6 
A 


Note 
1): 
A load step of 2A can be applied provided that input-output 
differential 
voltage is lower than 20V (see 


fig. 11. 


Note 2): 
The same performance can be maintained at higher output levels if a bypassing capacitor is provided bet- 
ween pins 2 and 4. 


L200 


Fig. 
1 - Typical 
safe 
oper- 
ating 
area protection 


M4.XIMUM 
OC POWER 


1~~~~~Ai:~lT~:~SO·CI- 


Fig. 
4 
- 
Quiescent 
current 
vs. output 
current 


Fill. 
2 
- 
Quiescent 
current 
vs. supply 
voltage 
Fig. 
3 
- 
Quiescent 
current 
vs. junction 
temperature 


Fig. 5 - Output 
noise voltage 


vs. output 
voltage 
Fig. 6 - Output 
noise 
voltage 
vs. frequency 


0.8 


B =lMH:r 
0.8 
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0.' 


0.2 


'" 
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08 
U 
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0 
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" 
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Fig. 
7 
- 
Reference 
voltage 
vs. junction 
temperature 


'780 


"" 


'''0 


1120 


'100 
-" 


Fig. 8 - Voltage 
load 
lation 
vs. 
junction 
perature 


Fig. 
9 - Supply 
voltage 
re- 


jection 
vs. frequency 


L200 


Fig. 
10 
- 
Dropout 
voltage 
vs. junction 
temperature 


I 
I I 
I 


"'0 :Vrf'f 


"- 
I 
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f- 


'0 
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./ 


o' 


·1 
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lA 
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Fig. 
13 - Voltage 
transient 
response 


Fig. 
11 - Output 
impedance 
vs. frequency 
Fiq. 
12 - Output 
impedance 


vs. output 
current 


Vj=10V 


10= 10m A tolA 


Fig. 16 - Current 
limit senSf 


voltage. 
vs. 
junction 
tem 
perature 


Co'" l •.•F 


Co::.O.047,uF 


L200 


Fig. 19 - Programmable 
voltage 
regulator 
with 
current 
limiting 


lo(m.H)" V:;2 


Vo=Vrl't(I.~) 


Fig. 21 
- High current 
voltage 
regulator 
with 
short 
circu it protection 
Fig. 22 
- 
Digitally 
selected 
regulator 
with 
inhibit 


L200 


o 


Fig. 25 - 
High current 
regulator with 
NPN 
passtransistor 


A: 
Vj(max) <; ± 34V ; 3 < V 0 < 30. 
B: 
Vi(max) <; ± 22V ; 3 < Vo < 18. 


Note - 
V z must be chosen in order to verify 
2Vj-Vz<;36V 


B: for Vj 
.;;; ± 18V 


L200 


1 
OJ 


The 
resistors 
R I 
and 
R2 
determine 
the 
final 
charging 
voltage 
and 
Rsc the 
initial 
charging 


current. 
D) 
prevents 
discharge 
of the 
battery 


throught 
the 
regulator. 


The 
resistor 
RL 
limits 
the 
reverse 
currents 


through 
the 
regulator 
(which 
should 
be 
100 
mA 
maxI 
when 
the 
battery 
is accidentally 


reverse 
connected. 
If 
RL 
is in series 
with 
a 


bulb 
of 
12V/50 
mA 
rating 
this 
will 
indicate 


incorrect 
connection. 


L200 


"3 
~ 
__ 
-oVo 


o III 


R1 
t. 70.n 


vo"VrefI02€V 


lo,,35mAf015.A 


Note: Connecting point A to a negativevoltage (for example-3V!10 mAl it is possible to extend the output voltage 
rangedown to OVand to obtain the current limiting down to this level (output short-circuit condition!. 


LINEAR 
INTEGRATED 
CIRCUITS 


L201 L202 
L203 L204 


These 
high-voltage, 
high-current 
Darlington 
transistor 
arrays 
comprise 
seven 
silicon 
NPN 
Darlington 
pairs 
on a common 
monolithic 
substrate. 
All units 
feature 
open 
collector 
outputs 
and integral 
suppres- 
sion 
diodes 
for 
inductive 
loads. 
Peak 
currents 
of 600 
mA 
can 
be withstood, 
making 
them 
ideal 
for 


driving 
tungsten 
filament 
lamps. 


The 
L 201 
is a general-purpose 
array wich 
may be used with 
DTL, TTL, 
PMOS, CMOS, etc. 
It is pinned 
with 
inputs 
opposite 
outputs 
to 
facilitate 
circuit 
board 
layout 
and 
is priced 
to compete 
directly 
with 


discrete 
transistor 
alternatives. 
The 
L 202 
was specifically 
designed 
for use with 
14 to 25V PMOS devices. 


Each input 
has a Zener 
diode 
and resistor 
in series 
in order 
to limit the 
input 
current 
to a safe value. 
The 
L203 
has a series 
base 
resistor 
to 
each 
Darlington 
pair 
allowing 
operation 
directly 
with 
TTL 
or 
CMOS operating 
at a supply 
voltage 
of 5V. 


The 
L204 
has a series 
base 
resistor 
to each 
Darlington 
pair, 
allowing 
operation 
directly 
with 
PMOS 
or 


CMOS utilizing 
supply 
voltage 
of 6 to 15V. 


In all cases, 
the 
individual 
Darlington 
pair collector 
current 
rating 
is 500 mA. However, 
outputs 
may be 


paralleled 
for 
higher 
load 
current 
capability. 
The devices 
are supplied 
in a 16-lead 
dual 
in-line 
plastic 


package 
with 
copper 
frame. 


Vi 
Vo 


VCEO(SUS) 
Ic 
IB 
Ptot 
Top 
Tstg 


Input 
voltage 
(for L 202, 
L 203 and 
L 204) 
Output 
voltage 
(collector-emitter) 
Collector-emitter 
sustaining 
voltage 
Collector 
current 
Base current 
(for L 201 only) 
Total 
power 
dissipation 
at Tamb = 25°C 
Operating 
junction 
temperature 


Storage 
temperature 


30 
50 
36 


500 
25 
1.8 


-25 to 150 
-55 to 150 


ORDERING 
NUMBERS: 
L201 B, 
L203B 


L202B, 
L204B 


-- 
I~Q 


~ 
=5r 


~45 
_ 
_ 
.54:::l 


~.78 


2(f"" 
C- 
I 
~:::::::I 


L201 L202 
L203 L204 


I 
I 
I 
3kn 


I 
IL _* 
_ 


EACH 
DRIVER 


I 
I 
I 
I 
I 
L _* 
_ 


EACH 
DRIVER 


16 
OUT 
1 


15 
OUT 


14 
OUT 


13 
OUT 
4 


12 
OUT 


11 
OUT 


10 
OUT 
7 


9~~~~8~G 
~~g:O\S 


5-1971 


I 
I 
I 
I 
I 
L _* 
_ 


EACH 
DRIVER 


I 
I 
I 
I 
IL_* 
_ 


EACH 
DRIVER 


L201 L202 
L203 L204 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 
No. 


ICEX 
Collector cutoff 
for l201 


current 
VCE = 50V 
0.2 
3 
IlA 
1 
for l202 
VCE = 50V 
Vi = 7V 
0.2 
3 
IlA 
2 
for l 203. l 204 
VCE = 50V 
Ii = 0 
0.2 
3 
IlA 
1 


VCE(sat) 
Collector-emitter 
Ic = 350 mA 
Is ~ 500llA 
1.25 
1.6 
V 


saturation 
voltage 
Ic = 200 mA 
Is~3501lA 
1 
1.3 
V 
3 


Ic=100mA 
Is = 250 IlA 
0.85 
1.1 
V 


Ii 
I nput current 
for l202 
Vi ~ 17V 
0.75 
1.3 
mA 
for l203 
Vi ~ 3.85V 
0.9 
1.35 
mA 
5 
for l204 
Vi = 
5V 
0.35 
0.5 
mA 
Vi ~ 12V 
1.1 
1.45 
mA 


IC(oft) 
VCE = 50V 
Ii = 251lA 
25. 
IlA 
4 


Vi 
Input voltage 
for l202 
Ic=300mA 
VCE ~ 2V 
10.5 
13 
V 
for l203 
IC = 300 mA 
VCE = 2V 
1.8 
3 
V 


IC~250mA 
VCE = 2V 
1.7 
2.4 
V 
7 
for l204 
VCE = 2V 
IC ~ 200 mJt 
4.5 
6 
V 
VCE = 2V 
Ic=350mA 
5 
8 
V 


hFE 
DC current 
gain 
Ic ~ 350 mA 
VCE = 2V 
1000 
3000 
- 
3 
Ifor l 201 only) 


IR 
Parallel 
diode 
reverse 
V R = 50V 
0.5 
50 
IlA 
6 
current 


VF 
Parallel 
diode forward 
IF ~ 350 mA 
1.4 
2 
V 
8 
voltage 


tpLH 
Turn-on 
delay 
time 
0.5 Vi to 0.5 Vo 
5 
JlS 
- 


tpHL 
Turn-off 
delay time 
0.5 Vi to 0.5 Va 
5 
IlS 
- 


L201 L202 
L203 L204 


Fig 1 - For L 201, L 203 
and L 204 


Fig. 4 - For L 201, L 202, 
L 203 and L 204 


Fig. 7 - For L 202, L 203, 
and L 204 


Fig. 5 - For L 202, L 203, 
and L 204 


Fig. 3 - For L 201, L 202, 
L 203 and L 204 


Fig. 6 - For L 201, L 202, 
L 203 and L 204 


Fig. 8 - For L 201, L 202, 
L 203 and L 204 


L201 L202 
L203 L204 


PMOS to load 
(L 202 and L 204) 


l::J 


t--- 


PMOS 
OUTPUT 


Fig. 9 - DC current gain. vs. 
collector current (for L 201) 


Fig. 12 - Input current 
vs. 
input 
voltage 
(for 
L 
202 
and L 204) 


Buffer for high current load 
(L 203 and L 204) 


1 
CMOS 
OUTPUT 


Fig. 10 - Collector 
current 
vs. collector 
emitter 
satu· 
ration voltage 


'e 


""'~~'T 
~ 
t~, 
~ 


Fig. 11 - Peakcollector cur- 
rent as a function 
fo duty 
cycle and number of outputs 
\I'.: 
"- 
\' 
'\. 
2' 
~ 
~, 


0::, 
'" 


7~ 
•..•..... 


•.•.... 


-..::: ~ 
r:::: 


lamb-7O'C 


Fig. 13 - Input current vs. 
input voltage (L 203) 


L290 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
L290 
a monolithic 
LSI circuit 
in a 16 lead dual 
in-line 
plastic 
package, 
is intended 
for use with 
the 
L291 
and 
L292 
which 
together 
form 
a complete 
3-chip 
DC motor 
positioning 
system 
for applications 
such as carriage/daisy-wheel 
position 
control 
in typewriters. 


The 
L290/1/2 
system 
can 
be directly 
controlled 
by a microprocessor. 
The 
L290 
integrates 
the following 
functions: 


tacho 
voltage 
generator 
(F/V 
converter) 
reference 
voltage 
generator 
position 
pulse generator. 


Supply 
voltage 
Total 
power 
dissipation 
Tamb= 70°C 
Storage 
and junction 
temperature 


±15 
1 
-40 to +150 


L290 


CONNECTION 
DIAGRAM 
(top view) 


FTB 
16 
FTA 


VAB 
15 
VAA 


Vret 
14 
STA 


TACHO 
4 
13 STB 


·Vs 
12 
FTF 


Vbias 
6 
11 GNO 


VMB 
10 STF 


VMA 
9 
-Vs 


s-, 
1'j9 


L290 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit,S 
in (A),Vs 


Tamb= 25°C 
unless 
otherwise 
specified) 


Parameters 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
±10 
±15 
V 


Id 
Quiescent drain current 
13 
20 
mA 


FTA, FTB 
Inpu t signal from encoder 
fmax= 20 KHz 
±0.4 
±0.6 
Vp 


Vos 
Output offset voltage 
FTA = FTB = OV 
55 
mV 
(pin 2, 15) 


Gv 
Voltage gain 
f=10KHz 
FTA=FTB=±0.6V p 
22 
23 
24 
dB 


Va 
Output voltage swing 
FTA= FTB= ± 1 Vp 
±9.5 
V 
(pin 2, 15) 


L290 


VTHP(o) 
Positive Threshold voltage 
Cl and C2 
550 
850 
mV 


C3 
700 
900 
mV 


VTHN(oo) 
Negative Threshold voltage 
Cl and C2 
55 
175 
mV 


C3 
570 
830 
mV 


VL· 
Output voltage (low level) 
10 = 2 mA 
0.2 
0.4 
V 


pin 10, 13, 14 
FTA= FTB= FTF= OV 


Ileak 
(pins 10, 13, 14) 
FTA= FTB= 0.5V 
V = 5V 
FTF= 1V 
1 
JlA 


Vref 
DC reference voltage 
FTA= FTB= ± 0.5Vp(*) 
4.5 
5 
5.5 
V 


(pin 3) 
I,ef= 1 mA 


Iref 
Output current (pin 3) 
1.4 
mA 


Vos 
Output offset voltage (pin 4) 
FTA=±15mV 
FTB= 0.5V 
±80 
mV 


Vo 
DC output voltage (pin 4) 
FTA= FTB= £0.5Vp 
(**) 
5.4 
6 
6.6 
_ .. 
V 


VMA= VMS= ± 1.25 Vp (** *) 
-5.4 
-6 
-6.6 


Vo 
Output voltage swing (pin 4) 
FTA= FTB= 
0.5V 
9 


V 
S in (B) 
FTA= FTB= -0.5V 
-9 


VMA 
Multiplier 
input voltage 
±1.25 
±1.7 
Vp 


VMS 


Vbia, 
Bias voltage (pin 6) 
FTA and FTB floating 
-6.5 
-8 
V 


IV 
IV, 
0 
(0) 
FTA = FTB = FTF = o.r 
(00) 
FTA = FTB = FTF = 
\.... 


Note: 
Phaserelationship between the signals: 


* 
FTA : 0° 
FTB : 90° 


FTA : 0° 
FTB : -900 
VMA= 900 - 
VMS= 0° 


*** 
FTA: 
0° 
- 
FTB: 
90° 
VMA= 90° - 
VMS= 180° 


L290 


CLOCKWISE 
ANTICLOCKWISE 
DIRECTION 
DIRECTION 


~ 
VAA 


~ 


'-....../ 


~/ 
VAB 
VAB 
~ 


C51 
C51 


C52 
C52 


~ 


VMA 
VMA 


_~VMB 
~ 


VMB 


~ 
C5B 
_~C5B 


~ 


C5A 
~C5A_ 


rnTl 


! 
i 


TACHO 
TACHO 


5- 
415611 
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C15~ 


C~ 
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R15 
Rl6 
0.22 


510n 
R17 


221Hl 
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P~:Ol~ 
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L291 
LINEAR 
INTEGRATED 
CIRCUIT 


5 BIT - D/A 
CONVERTER 
AND 
POSITION 
AMPLIFIER 


The L291, a monolithic 
LSI circuit in a 16 lead dual in-line plastic package, is intended for use with the 


L290 and L292 to form a complete 3 chip DC motor positioning system for applications such ascarriage/ 
daisy-wheel position control 
in typewriters. 


The L290/1/2 
system can be directly controlled 
by a microprocessor. 


The L291 integrates the following 
functions: 


5 bit D/ A converter (~ LSB max linearity error) 
error ampl ifier 
position amplifier 


Supply voltage 
Total power dissipation Tamb= 70°C 
Storage and junction 
temperature 


± 15 
1 
-40 to 150 


~ 


~ 


L291 


CONNECTION 
DIAGRAM 


(top view) 


ERRV 
1 
16 
POS/OUT 


SC, 
15 
POS/IN 


SC 2 
14 
.vs 


SC J 
13 
GNO 


SC 4 
12 
OAC/OUT 


SC 5 
11 
N.C. 


SIGN. 
10 
-Vs 


Strobe 
8 
OAC/IN 


5-4160 


L291 


5C,~B 
2 


5C2 


SCl 


SCI; 


SC5 


51 
52 


,b 
'1 b 
1b"oomv 
~! 
21;V 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
51 
and 
52 
in 
(a), Vs = :+: 12V 
(± 10%). T,mb= 25°C, unless 
otherwise 
specified) 


Parameters 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
±10 
±15 
V 


Id 
Quiescent 
drain 
current 
6.5 
10 
mA 


VstrObp. 
Enable 
voltage 
level 
VL 
(S in (all . 
0 
0.8 
V 


VH 
(S in (b)) 
• 
2.4 
+Vs 
V 


Vas 
Output 
offset 
voltage 
(pin 16) 
Vstrobe= 
VL 
±50 
mV 


Ib 
Input 
bias current 
(pin 
15) 
Vstrobe= 
VL 
0.3 
!J.A 


Va 
Output 
voltage 
swing 
(pin 
16) 
Vstrobe= 
VL 
S2 in (b) 
± 9 
V 


VR 
Residual 
output 
voltage 
(pin 16) 
Vstrobe= 
VH 
± 20 
mV 


L291 


Iref 
Current reference input range 
All inputs low 
0.3 
1 
mA 


(pin 9) 


Vos 
Current reference offset voltage 
Iref= 0.3 to 1 mA 
± 20 
mV 
(pin 9 to GND) 
All inputs high 


10 
Output current range (pin 12) 
0.7 
1.4 
mA 


Iref= 0.516 mA 
0.98 
1.02 
mA 
all inputs low 


los 
Output offset current (pin 12) 
All inputs high 
0.4 
IJ.A 


VL 
Low voltage level (digital inputs) 
SC1 = LSB 
0 
0.8 
V 


VH 
High voltage level (digital inputs) 
SC5 = MSB 
2.4 
+Vs 
V 


IL 
Digital inputs current (low statel 
VL~ O.4V 
-50 
IJ.A 


IH 
Digital inputs current (high state) 
VH= 5V 
1 
IJ.A 


Vas 
Output offset voltage (pin 11 
iref= 0.5 mA; All inputs high 
± 200 
mV 


10 
Output current (pin 1) 
5 
mA 


Va 
Output voltage swing (pin 1) 
All inputs high 
±7.4 
±8.4 
Vp 


S\ in (bl; 
RL= 10 Kfl 


L291 


DIGITAL 
WORD 
(From Ii Processor) 
-- 
Commands 
-- 
-- 
-- 
SC3 
-- 
SIGN 
SC5 
SC4 
SC2 
SC, 


X 
H 
H 
H 
H 
H 
Speed = Zero 


L 
L 
L 
L 
L 
L 
Speed ~ Max 
CK wise 


L 
H 
H 
H 
H 
L 
Speed = 
Min 
CK wise 


H 
H 
H 
H 
H 
L 
Speed = Min 
ACK wise 


H 
L 
L 
L 
L 
L 
Speed = Max 
ACK wise 


Looking 
from 
the 
typewriter 
keyboard 
the clockwise 
rotation 
of the motors 
move the carriage 
from 
left 
to right 
and the daisy 
clockwise. 


Error amplifier 


In order 
to 
have 
a good 
stability. 
the 
error 
amplifier 
must 
work 
with 
a closed 
loop 
gain greater 
than 
20 dB. 


L291 


C15~ 


C~ 


~47nF 


R15 
R16 


sion 


"11 


22Kfi 
7 


IN 


L292 


LINEAR 
INTEGRATED 
CIRCUIT 


The 
L292 
is a monolithic 
LSI circuit 
in 15-lead 
MU LTIWATT ® package. 
It is intended 
for use, together 


with 
L290 
and 
L291, 
as a complete 
3-chip 
DC motor 
positioning 
system 
for applications 
such 
as car- 
riage/daisy-wheel 
position 
control 
in typewriters. 


The 
L290/1/2 
system 
can 
be directly 
controlled 
by a microprocessor. 
The 
outstanding 
characteristics 


of the 
L292 
are: 


Driving capability: 
2A, 36V, 
30 KHz. 


2 Logic chip enable. 
External 
loop gain adjustment. 


Single power 
supply 
(18 to 36V). 
Input 
signal 
symmetric 
to ground. 
Thermal 
protection. 


Vs 
VI 


Vinhibit 
Ptot 
T stg 


Power 
supply 
Input 
vo Itage 
Inhibit 
voltage 
Total 
power 
dissipation 
(Tcase= 75°C) 
Storage 
and junction 
temperature 


36 
-15 to +Vs 


o to 
V 5 
25 
-40 to +150 


L292 


CONNECTION 
DIAGRAM 
(top view) 


15 
MOTOR 
-e- " 
Rs' 
" 
INHIBITCCE1) 
12 
INHIBIHffil 


11 
OSCILL 
IRI 


10 
OSCILL.lc} 
9 
OUTPUnERR.AMPU 


8 
GNO 
7 
INPUT(ERR.AMPL) 
6 
INPUT 


S 
OUTPUT 
C.SA 


cP , 
CQMP 
INPUT 
3 
.Vs 
2 
Rs' 
1 
MOTOR 
5-3673 


RFCFI47nF 


22Kn 
47nF 


L292 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
18 
36 
V 


Id 
Quiescent drain current 
Vs = 20V (offset null) 
30 
50 
mA 


Vos 
Input offset voltage (pin 6) 
Vs ~ 36V 
10 = 0 
±350 
mV 


Vinh. 
Inhibit low level (pin 12,13) 
2 
V 


Inhibit high level (pin 12, 13) 
3.2 
V 


linh. 
Low vol tage condition 
Vinh. 
(L)~ O.4V 
-100 
J.!.A 


High voltage conditions 
Vinh. (HI= 3.2V 
10 
J.!.A 


Ii 
Input current (pin (61 
VI = -8.8V 
-1.8 
mA 
VI = +8.8V 
0.5 
mA 


Vi 
Input voltage (pin 6) 
10= 2A 
8.3 
V 
Rs!= Rs2=0.2fl 


10= -2A 
-8.3 
V 


10 
Output 
current 
VI = ±8.8V 
Rs!= Rs2= 0.2fl 
± 2 
A 


Vo· 
Total drop out voltage 
(inluding 
10= 2A 
5 
V 


sensing 


resistors) 
10= 1A 
3,5 
V 


VRS 
Sensing resistor voltage drop 
Tj = 150°C 
10= 2A 
0.44 
V 


I 


10 
Transconductance 
Rs!~RS2~0.2fl 
228 
240 
260 
mAN 
--v:- 


i 
Rs! = Rs2= O.4n 
120 
mAN 


fasc 
Frequency range (pin 10) 
1 
30 
KHz 


Vinhibit 
Output stage 


Pin 12 
Pin 13 
condition 


L 
L 
Disabled 
L 
H 
Normal 
operation 
H 
L 
Disabled 
H 
H 
Disabled 


L292 


The 
L290, 
L291 
and 
L292 
are 
intended 
to be used 
as a 3-chip 
microprocessor 
controlled 
positioning 
system. 
These 
devices 
may 
be used 
separately 
- particularly 
the 
L292 
motor 
driver 
- but since they 
will 
usually 
be used together, 
a description 
of a typical 
L290/1/2 
system 
follows. 


The system 
operates 
in two modes 
to achieve 
high-speed, 
high-accuracy 
positioning. 
Speed 
commands 
for 
the 
system 
originate 
in the 
microprocessor. 
It is continuously 
updated 
on 
the 
motor 
position 
by means 
of pulses 
from 
the 
L290 
tachometer 
chip, 
which 
in turn 
gets 
its information 
from 
the 
optical 
encoder. 
From 
this 
basic 
input, 
the 
microprocessor 
computes 
a 5-bit 
control 
word 
that 
sets the system 
speed 
dependent 
on the distance 
to travel. 


When 
the 
motor 
is stopped 
and 
the 
microprocessor 
orders 
it to 
a new 
position, 
the 
system 
operates 
initially 
in an open-loop 
configuration 
as there 
is no feedback 
from 
the tachometer 
generator. 
Therefore 
maximum 
current 
is fed to the motor. 
As maximum 
speed 
is reached, 
the tachometer 
chip 
output 
backs 


off the processor 
signal thus 
reducing 
accelerating 
torque. 
The motor 
continues 
to run at top 
speed 
but under 
closed-loop 
control. 


As the 
target 
position 
is approached, 
the 
microprocessor 
lowers 
the 
value 
of the 
speed-demand 
word; 


this 
reduces 
the 
voltage 
at the 
main 
summing 
point, 
in effect 
braking 
the motor. 
The braking 
is applied 
progressively 
ur.til the motor 
is running 
at minimum 
speed. 
At that 
time, 
the 
microprocessor 
orders 
a switch 
to the position 
mode, 
(strobe 
signal 
at pin 8 of 
L291) 
and 
within 
3 to 
4 ms the 
L292 
drives 
the 
motor 
to 
a null 
position, 
where 
it is held 
by 
electronic 
"detenti 
ng". 


L292 


The 
mechanical/electrical 
interface 
consists 
of an optical 
encoder 
which 
generates 
two 
sinusoidal 
signals 
90° 
out 
of phase 
(leading 
or lagging 
according 
to the motor 
direction) 
and proportional 
in frequency 
to 
the 
speed 
of rotation. 
The 
optical 
encoder 
also provides 
an output 
at one position 
on the disk which 
is 


used to set the initial 
position. 
The 
opto 
encoder 
signals, 
FTA 
and 
FTB are filtered 
by the 
networks 
R2 C2 and 
R3 C3 
(referring 
to 
Fig. 4) and are supplied 
to the 
FT A/FTB 
inputs 
on the 
L290. 


The main function 
of the 
L290 
is to implement 
the following 
expression: 


Output 
signal 
(TACHO) 
= 
d:tA 
FTB 


IFTBI 


dVAs 
dt 


FTA 


IFTAI 


Thus 
the 
mean 
value 
of TACHO 
is proportional 
to 
the 
rotation 
speed 
and 
its polarity 
indicates 
the 
direction 
of rotation. 


The 
above 
function 
is performed 
by 
amplifying 
the 
input 
signals 
in Al and 
A2 
to 
obtain 
V AA 
and 
V AS (typ. 
7 Vpl. 
From 
V AA 
and 
V AS the 
external 
differentiator 
RC networks 
Rs C6 and 
R4C4 give 
the signals 
VMA 
and 
VMS which 
are fed to the multipliers. 


The 
second 
input 
to each 
multiplier 
consists 
of the 
sign of the first 
input 
of the other 
multiplier 
before 
differentiation, 
these 
are obta ined using 
the comparators 
CSI and CS2' 
The mu Itipl ier outputs, 
CSA and 
Css, 
are summed 
by A3 to give the 
final 
output 
signal T ACHO. 
The 
peak-to-peak 
ripple 
signal of the 
TACHO 
can be found 
from 
the following 
expression: 


Using the 
comparators 
C\ 
and 
C2 another 
two signals from 
V AA and V AS are derived 
- the 
logic signals 


STA and STB. 


These 
signals are used by the microprocessor 
to determine 
the position 
by counting 
the pulses. 
The 
L290 
internal 
reference 
voltage 
is also derived 
from 
V AA and V AS: 


This 
reference 
is used 
by 
the 
O/A converter 
in the 
L291 
to compensate 
for variations 
in input 
levels, 
temperature 
changes 
and ageing. 
The 
"one 
pulse 
per rotation" 
opto 
encoder 
output 
is connected 
to pin 12 of the 
L290 
(FTF) 
where 
it is 
squared 
to give the STF logic output 
for the 
microprocessor. 


The TACHO 
signal 
and V,ef 
are sent 
to the L291 via filter 
networks 
R8 C8 Rg and R6 C7 R7 respectively. 
Pin 12 of this 
chip 
is the 
main 
summing 
point 
of the system 
where 
T ACHO 
and the 
0/ A converter 
out- 


put are compared. 
The 
input 
to the 
D/A converter 
consists 
of 5 bit word 
plus 
a sign bit supplied 
by the 
microprocessor. 


The 
sign bit represents 
the 
direction 
of motor 
rotation. 
The 
(analogue) 
output 
of the 
0/ A converter 
- 


OAC/OUT 
- is compared 
with 
the 
TACHO 
signal 
and 
the resulting 
error 
signal is amplified 
by the error 
ampl ifier, and subsequently 
appears 
on pin 1. 


L292 


The 
ERRV 
signal 
(from 
pin 
1. L291) 
is fed to pin 6 of the final chip, 
the 
L292 
H-bridge 
motor-driver. 
This 
input 
signal 
is bidirectional 
so it must 
be converted 
to a positive 
signal 
because 
the 
L292 
uses a 
single 
supply 
voltage. 
This 
is accomplished 
by the 
first 
stage 
- the 
level shifter, 
which 
uses an internally 
generated 
8V reference. 


This 
same reference 
voltage 
supplies 
the triangle 
wave oscillator 
whose 
frequency 
is fixed 
by the external 
RC network 
(R20, 
Cll 
- pins 11 and 
10) where: 


1 
fosc= 
2RC 


The 
oscillator 
determines 
the 
switching 
frequency 
of the output 
stage and should 
be in the range 1 t030 
KHz. 
Motor 
current 
is regulated 
by an internal 
loop 
in the 
L292 which 
is performed 
by the resistors 
RIB' 
Rl9 


and 
the 
differential 
current 
sense amplifier, 
the 
output 
of which 
is filtered 
by an external 
RC network 
and fed back to the error 
ampl ifier. 


The 
choice 
of the 
external 
components 
in these 
RC network 
(pins 5, 7, 9) is determined 
by the motor 
type 
and 
the 
bandwidth 
requirements. 
The 
values 
shown 
in the 
diagram 
are 
for a 5n, 
5 mH motor. 


(See L292 
Transfer 
Function 
Calculation 
in Application 
Information). 
The 
error 
signal 
obtained 
by the 
addition 
of the 
input 
and 
the 
current 
feedback 
signals 
(pin 7) is used 
to pulse 
width 
modulate 
the 
oscillator 
signal 
by means 
of the 
comparator. 
The 
pulse 
width 
modulated 
signal 
controls 
the 
duty 
cycle 
of the 
H-bridge 
to 
give an output 
current 
corresponding 
to the 
L292 
input 
signal. 


The 
interval 
between 
one 
side of the bridge 
switching 
off and the other 
switching 
on, 
T , is programmed 
by Cll 
in conjunction 
with 
an internal 
resistor 
RT. 


This can be found 
from: 


Since 
RT 
is approximately 
1.5 Kn 
and 
the 
recommended 
T to avoid 
simultaneous 
conduction 
is 2.5 I's 


Cpin 
10 should 
be around 
1.5 n F. 


The 
current 
sense 
resistors 
RIB and 
Rl9 
should 
be high precision 
types 
(maximum 
tolerance 
± 2%) and 
the 
recommended 
value 
is given by: 


L292 


Thus 
the 
output 
stage 
may 
be inhibited 
by taking 
pin 
12 high or by taking 
pin 13 low. The output 
will 
also be inhibited 
if the supply 
voltage 
falls below 
18V. 


The 
enable 
inputs 
were 
implemented 
in this way 
because 
they 
are 
intended 
to be driven 
directly 
by a 


microprocessor. 
Currently 
available 
microprocessors 
may generates 
spikes 
as high as 1.5V during 
power- 
up. 
These 
inputs 
may 
be used 
for 
a variety 
of applications 
such 
as motor 
inhibit 
during 
reset 
of the 
logical 
system 
and power-on 
reset 
(see fig. 3). 


~.v, 
I 


1!.!f 
47nF 
R 
18 


R15 
R16 
o.22n 


510ft 
R11 


12Klt 


7 


IN 


C15~ 


Cl~ 


" 
SCJ 
OAC 


5 
SC4 


.y.~.y.p~: 
Ol~ 


.'2 
-12 
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This 
section 
has been 
added 
in order 
to help 
the 
designer 
for the 
best 
choise 
of the 
values 
of external 
components. 


2" 
__~ 


,, 


,01 


B 
-- L~JL-'-_'£ 
Q 


CEl 


15KO 


II.SnF 


CURRENT 


I SENSING 
I 
AMPLIFIER 
L 
I 


RS1 = 
RS2 = 
Rs (sensing 
resistors) 
-* = 0.005 
n -1 (current 
sensing 
amplifier 
transconductance) 


LM = 
Motor 
inductance 
RM = 
Motor 
resistance 
1M = Motor 
current 


G 
=_I_M_j 
mo 
VTH 
S = 0 
(DC transfer 
function 
from 
the 
input 
of the comparator 
(VTH )to 
the 
motor 
cur- 


rent 
(1M I). 


L292 


G 
=_1_~ 
mo 
RM 
VR 


where: 
Vs = supply 
voltage 


V R = 8V 
(reference 
voltage) 


1 + sRC = 
1 + 
S 
LM 
RM 


from 
which 
RC = ~RM 


1 
0.048 
R; - 
Rs 


Open-;Ioop gain and stability criterion 


For 
RC = 
LM/RM, 
the open 
loop gain is: 


{3 
1 
Rs 
R F 
A 
= 
sRFC 
• Gmo R-;;- 
1 + sRFCF 


In order 
to achieve 
good 
stability, 
the phase 
margin 
must 
be greater 
than 
45° when 
!A {31 = 1. 


That 
means 
that, 
at fF = 2 1r ~FCF 
,must 
be IA {31 < 1 (see fig. 7), that 
is 


Gmo 
Rs 
RFCF 
< 1 
R4C 
y2 
I A {31 
f = 


L292 


Closed-loop system step response 


a) Small-signals 
analysis. 


The transfer 
function 
(3) can be written 
as follows: 


s 


I 
0.048 
1 + 
2 ~ Wo 
~ 
(s) = 
--- 
(7) 
VI 
-R-s-- 
1 + 
-.? H 
+ ~_, 


Wo 
Wo 


IG=~ 
fff 
where: 
w 
= V ~ 
is the cuto 
requency 
a 
R4C 
RFCF 


By choosing 
the ~ value, 
it is possible 
to determine 
the system 


response 
to an input 
step signal. 
Examples: 


t 
OV 


0048 
-2RFCF 
t 
1M (t) = -'-- 
[ 1 - e 
(1 + ---I 
].V 
Rs 
4 RFCF 
I 


(where 
Vi is the amplitude 
of the 
input 
step). 


2) ~ = _1= 
from 
which 
'1'2 


1M 
(t) = 
0.048 
(1 - cos 
__ t __ 
e 


Rs 
2RFCF 


t 
2"FfFCF)V, 


Fig. 
8 
- 
Small 
signal 
step 
response 
(normalized 
ampli- 
tude 
vs. t/RFCF) 


I 
I 
I 
I 
Il;:lffi 


I-- 
~' , 
/ 


/ 
i 


7 
--r-- 


I 
-ll 
IV 


Fig. 9 - Motor 
current 
and pin 7 voltage 


waveforms 
(application 
of fig. 5).Small 
signal response 


V7 
200mV/div. 


1M 
100mA/div. 


t 
100/ls/div. 


with 
VI = 1.5 Vp. 


From 
fig. 9, it is possible 
to verify 
that 
the 
L292 
works 
in "closed-loop" 
conditions 
during 
the 
entire 


motor 
current 
rise-time: 
the 
voltage 
at 
pin 
7 (inverting 
input 
of the 
error 
amplifier) 
is locked 
to 
the 


reference 
voltage 
V R' present 
at the 
non-inverting 
input 
of the same amplifier. 
The previous 
linear 
analysis 
is correct 
for this example. 


Decreasing 
the 
~ value, 
the 
rise-time 
of the current 
decreases. 
But for a good 
stability, 
from 
relationship 


(6), the minimum 
value of ~ is: 


1 


2 V2 


L292 


b) Large signal response 


The large step signal response 
is limited 
by slew-rate 
and 
inductive 
load. 


In this 
case, 
during 
the 
rise-time 
of the 
motor 
current, 
the 
L292 
works 
in open-loop 
condition, 
as 


can be seen from 
the photograph 
of fig. 10. 


Fig. 
10 - Motor 
current 
and pin 7 voltage 
waveforms 
(application 
of fig. 5) Large signal response. 


V7 
1V/div. 


1M 
0.5A/div. 
t 
500/ls/div. 


The 
voltage 
at 
pin 
7 (inverting 
input 
of the 
error 
amplifier) 
departs 
from 
the 
reference 
voltage 
V R 


present 
at the non-inverting 
input 
and the feedback 
loop 
is open. 
The fedback 
loop is on when 
the motor 
current 
reaches 
its steady-state 
value 
(2A). 


Closed loop system bandwidth 


A good 
choise 
for ~ is the value 
1/V2. 
In this 
case: 


0.048 
Rs 


1 + S RFCF 


1 + 2s RFCF 
+ 2s2 
RF2CFl 


0.048 
'2 ~,-:i ~C;; 
_ 


Rs 
V[(1+2wRFCF)2+1j- 
[(1-2wRFCF)2+1] 


The 
cutoff 
frequency 
is derived 
by the 
expression 
(9) by putting 
I ~ 
1= 0.707 
(-3 dB), from 
which: 
V, 


L292 


- 
Motor 
characteristics: 
LM = 5 mH 
RM = 5n 


LM/RM = 
1 msec 


Voltage 
and current 
characteristics: 


V 5 = 20V 
1M = 2A 


Closed loop bandwidth: 
6 KHz. 


R = 
0.048 
VI = 0.2n 
5 
1M 


_ 
2 Vs 


GIllO 
- 
RM 
V R 


[ from 
expression 
(2) ). 
~= 1/...["2; 
from 
(7) follows: 


e=l 2 


RC = 
1 • 10-3 sec 
500 C 
= 1 
RFCF 
RFCF 
== 
24 Jlsec 


C = 47 nF 


R = 22 Kn 


L293 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
L293 
is a monolithic 
integrated 
high 
voltage, 
high 
current 
four 
channel 
driver 
in a 16-pin 
Dip 
package 
designed 
to accept 
standard 
DTL or TTL 
logic 
levels and 
drive 
inductive 
loads 
(such 
as relays 
solenoids, 
DC and stepping 
motors) 
and switching 
power 
transistors. 
Two 
inhbit 
inputs 
are provided, 
which 
disable 
two channels 
each. 


An additional 
supply 
input 
is provided 
so that 
the 
logic may be run at a lower 
voltage. 


FEATURES 


- 
.1 A output 
current 
capability 
per channel. 


2 A peak output 
current 
(non 
repetitive) 
per channel. 


Inhibiting 
facility. 
Overtemperature 
protection. 


Logical 
"0" 
input 
voltage 
up to 1.5V 
(high noise 
immunity). 


The 
L293 
is assembled 
in a new 
16 lead plastic 
package 
which 
has 4 centre 
pins connected 
together 
and 


used for heatsinking. 


Vs 
Vss 
Vi 


Vinhibit 
lout 
Ptot 
Tslg' Tj 


Supply 
voltage 


Logic supply 
voltage 


Input 
voltage 


Inhibit 
voltage 


Peak output 
current 
(5 ms non repetitive) 
Total 
power 
dissipation 
at Tcase= 
80°C 
Storage 
and junction 
temperature 


36 
36 
7 
7 
2 
5 
-40 to 150 


ORDERING 
NUMBER: 
L293B 


MECHANICAL 
DATA 


L293 


CHIP 
ENABLE 
1 
V" 


INPUT 
1 
INPUT 
4 


OUTPUT 
1 
" 


OUTPUT 
{. 


ONO 
" 
ONO 


ONO 
" 


ONO 


OUTPUT 
2 
OUTPUT 
J 


INPUT 
2 
'0 
INPUT 
J 


V, 
9 
CHIP 
ENABLE 
2 


•••• 
N 
ca 
W 
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Rth j-case 
Rth j-amb 


Thermal 
resistance 
junctions-case 
Thermal 
resistance 
junctions-amb 


°C/W 
°C/W 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 8) 
36 
V 


Vss 
Logic supply voltage 
4.5 
36 
V 


Is 
Quiescent 
supply 
current 
Vi ~ L 
10 = 0 
Vinh= H 
0.5 
1.5 
mA 
(pin 8) 
Vi = H 
10 = 0 
Vinh= H 
4 
6 
mA 
Vinh= L 
1 
mA 


Iss 
Quiescent 
cu rrent from V ss 
Vi =L 
10 = 0 
Vinh= H 
11 
15 
mA 


Vi 
=H 
10 = 0 
Vinh= H 
4 
5.5 
mA 
Vinh= 
L 
4 
6 
mA 


Vi 
Input voltage 
Low 
-0.3 
1.5 
V 


High 
(0 ) 
2.3 
7 
V 


II 
Input 
current 
Vi = L 
10 
)JA 


Vi = H 
30 
100 
)JA 


Vinh. 
voltage 
(pin 1,9) 
Low 
-0.3 
1.5 
V 


High 
(0 ) 
2.3 
7 
V 


linh. 
current 
(pin 1,9) 
Vinh= L 
-30 
-100 
)JA 


Vinh= H 
• 10 
)JA 


VCEsat (H) 
Source 
saturation 
voltage 
Ic ~ 1A 
1.8 
V 


VCEsat (L) 
Sink 
saturation 
voltage 
Ic = 1A 
1.8 
V 


tr 
Rise 
time 
0.1 to 0.9 Vo 
(00 ) 
250 
ns 


tf 
Fall time 
0.9 to 0.1 Vo 
(00 I 
250 
ns 


ton 
Turn-on delay 
0.5 V I to 0.5 V0 
(00 ) 
450 
ns 


tOft 
Turn-off 
delay 
0.5 Vi to 0.5 Vo 
(00 I 
200 
ns 


L293 


Vi (each channel) 
Vo 
Vinh. 
(00) 


H 
H 
H 
L 
L 
H 
H 
X (0) 
L 
L 
X (0) 
L 


Fig. 
2 
- Saturation 
voltage 
vs. output 
current 


Fig. 
5 - Supply 
current 
Iss 
vs. logic supply 
voltage 


) 
1- 


vf. ~ 24 
II 


V, 
~lOW 


- 
V,nh=HIGH 
/" 
V- 


f- V::: 


l- 


f-- 


, 
i 


Fig. 
3 
- 
Source 
saturation 
voltage 
vs. 
ambient 
tem- 
perature 


I 
: 
I 
f-~ 
~ 


\/$:2411 


~,nt'llb'1<VSS=5Y 


- 


...---- 
10=' tA 


I 
-- 


10=1. 


I 


10,,0.SA 


10=0.1 
A 


Fig. 
6 - Output 
voltage 
vs. 


input 
voltage 


- 


"'S=24\1 


Vss=V,nl'lIb,I"SV 
I 
I 


"s·YCE 
s.iIH 


II 


~~T 
••mb=25'C 
1-l---12s'c 


.40·C 


I 


VCEu.tL 


Fig. 
4 
voltage 
perature 


Sink 
saturation 
vs. 
ambient 
tem- 


1 


i 
! 
- ~.~ 


"5=2'" 
V,=Vinh'b,lzvss·5V 


- 


10 = 1.5A 
- 


10=1" 


10 •• 0.5A 


-) 
••0.' 
A 


Fig. 7 - Output 
voltage 
V5. 
inhibit 
voltage 


'Is' 
24\1 


~s·vl·5V 


II -~E ~.t 
H 


_T.amb,2S'C 


1ZS'C 
r- 


--40·C 


I 


YC£utl 
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~ 


,pp 


tfl<lnglt' 


18KHZ 


The inhibit 
is used as a comparator. 
The 
DC level of the triangle 
generator, 
adjusted 
by PI /P2, 
controls 
the duty-cycle 
of the motor 
current. 


The 
value 
of 
Rs 
limits 
the 


maximum 
motor 
current: 


0.6 V 
Rs 


Low 
High 
Logic 


C 
D 
Turn right 


D 
C 
Turn left 


B 
Current 
control- 


A 
led only by RS 


A 
B 
Current reduc- 
ing by value of 
Rx 


B 
A 
Free 
running 
motor 
stop 


D 


C 
Fast motor 
[]liP(shorted) 
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APPLICATIONS 
INFORMATION 
(continued) 


Fig. 10- Bipolar stepping motor control 
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Note: 
The 
resistor 
R1 
carries 
the 
sum 
of 
the 
currents 


ILl 
+ I L2; 
when 
this 
current 
reaches 
a value 


VSE 


Isum= 
~ 


the transistors T9 and T10 turn on and C2 is discharged. 
The voltage on the inhibit 
inputs of the IC falls below the 


lower threshold and the final stagesare switched off. 
When the coil current falls T9 and T10 are switched off, C2 
recharges via R7 up to the input high threshold of the Ie 
and 
the 
final 
stages are again 
turned-on. 


When the base of T11 
is connected to +5V a constant 
collector 
current 
flows 
in R6. 
This 
current 
is 


5 - VSE 
Ie = 
R10 


This causesa voltage drop across R6 which biasesthe VSE 
junction 
of T9 and 
moves 
the 
current 
limiting 
point 
to a 


lower level, the value of which depends on R10. 


L293 


The 
Rlhj-Omb 
of the 
L293 
can be reduced 
by soldering 
the 
GND 
pins 
to a suitable 
copper 
area 
of the 


printed 
circuit 
board 
or to an external 
heatsink. 


The 
diagram 
of fig. 13 shows 
the 
maximum 
dissipable 
power 
PIOI and 
the 
Rlhi-omb 
as a function 
of the 
side 
"Q" of two 
equal 
square 
copper 
areas 
having 
a thickness 
of 35 
IJ. (see fig. 12). In addition, 
it is pos- 
sible to use an external 
heatsink 
(see fig. 14). 


During 
soldering 
the pins temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 


than 
12 seconds. 


The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 


Fig. 
12 - Example 
of P.C. board 
copper 
area 
which 
is used as heatsink 
Fig. 
13 
- 
Max. 
dissipable 


power 
and 
junction 
to 
am- 


bient 
thermal 
resistance 
vs. 


size 
"Q" 


I 


f\ 
T 


Rth 
j -a.mb 
"-. ---- 


l.- 
-- 
T 
~..-- 
~t 
(Ta.mb,,70·Cl 


Fig. 
14 - External 
heatsink 
mounting 
example 
(R1h= 30 °C/W) 


Fig. 
15 
- 
Maximum 
allow- 


able 
power 
.dissipation 
vs. 


ambient 
temperature 


L601 L602 
L603 L604 
LINEAR 
INTEGRATED 
CIRCUITS 


These 
high-voltage, 
high-current 
Darlington 
transistor 
arrays 
comprise 
eight 
silicon 
NPN Darlington 
on a 
common 
monolithic 
substrate. 
All units 
feature 
open 
collector 
outputs 
and 
integral 
suppression 
diodes 


for 
inductive 
loads. 
Peak 
currents 
of 500 
mA can 
be withstood. 
They 
are pinned 
with 
inputs 
opposite 
outputs 
to facilitate 
circuit 
board 
layout. 


The 
L601 
is a general-purpose 
array 
wich 
may be used with 
DTL, TTL, 
PMOS, CMOS, 
etc. 


The 
L602 
is specifically 
designed 
for 
use with 
14 to 
25V 
PMOS 
devices. 
Each 
input 
has a Zener 
diode 
and resistor 
in series 
in order 
to limit the 
input 
current 
to a safe valae. 


The 
L603 
has a series 
base 
resistor 
to each 
Darlington 
pair, 
and 
thus 
allows 
operation 
directly 
with 
TTL or CMOS operating 
at a supply 
voltage 
of 5V. 


The 
L604 
has a series 
base 
resistor 
to each 
Darlington 
pair, 
and 
thus 
allows 
operation 
directly 
with 
PMOS or CMOS utilizing 
supply 
voltage 
of 6 to 15V. 


In all cases, the individual 
Darlington 
collector 
current 
rating 
is 400 mA. However, 
outputs 
may be paral· 


leled 
for higher 
load current 
capability. 
The devices 
are supplied 
in a 18-lead 
dual 
in-line 
plastic 
package 


with 
copper 
frame. 


VeEX 
Ie 
Ie 
Vi 
Ii 
Ptot 


Top 
Tstg 


Collector 
emitter 
voltage 
(input 
open) 
Collector 
current 
Collector 
peak 
current 
Input 
voltage 
(for L602, L603 and L604) 
Input 
current 
(for L601 only) 
. 


Total 
power 
dissipation 
a Tamb= 25°C 
Operating 
junction 
temperature 
Storage 
temperature 


90 
0.4 
0.5 
30 
25 
1.8 
-25 to 150 
-55 to 150 


ORDERING 
NUMBERS: 
L601B, 
L602B, 
L603B, 
L604B 


MECHANICAL 
DATA 


I 2.St. 


I 
I 
24t.3- 
I 


~ 
: 
: 
: 
: 
: 
: 
: 
: II 


L601 L602 
L603 L604 


CONNECTION 
DIAGRAM 


(top view) 


I 
I 
I 
I 
IL-J+--------- 


EACH 
DRIVER 


2.7kO 
,~ 


I 
I 
I 
I 


I 
I 


I, 
I 
I 
L _~------~~- 


EACH 
DRIVER 


I05kn 
~-::::: 
INo-- .~-- 
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I 


72k(l 
)kn 
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L601 L602 
L603 L604 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


ICEX 
Output 
leakage 
current 
VCE= 
90V 
3 
)1A 


VCE(sat) 
Collector 
emitter 
saturation 
IC= 300 
mA 
Is= 500)1A 
2 
V 


voltage 
Ic= 
200 
mA 
Is= 
350)1A 
1.7 
V 


le= 
100 mA 
Is=250)1A 
1.2 
V 


hFE 
DC forward 
current 
gain 
VcE=3V 
Ic= 
300 mA 
1000 
- 


(L601 
only) 


Vi 
Minimum 
input 
voltage 
VCE= 
3V 
Ic= 
300 
mA 


(ON condilion) 
for 
L602 
11.5 
V 


for 
L603 
2 
V 
for 
L604 
2.5 
V 


Vj 
Maximum 
input 
voltage 
VcC 
90V 
IC= 25)1A 


(OFF 
condilion) 
for 
L601 
0.55 
V 
for 
L602 
7 
V 


for 
L603 
0.85 
V 
for 
L604 
1 
V 


IR 
Clamp 
diode 
reverse 
current 
V R= 90\1 
50 
)1A 


VF 
Clamp 
diode 
forward 
voltage 
IF= 300 
mA 
2 
2.4 
V 


Ion 
Turn-on 
delay 
0.5 V, to 0.5 Vo 
0.4 
)1S 


toff 
Turn-off 
delay 
0.5 V, to 0.5 
Vo 
0.4 
)1S 


LINEAR 
INTEGRATED 
CIRCUIT 
L702 


QUAD 
DARLINGTON 
SWITCHES 


• 
SUSTAINING 
VOLTAGE: 
MIN. 70V 


• 
2A OUTPUT 
• 
HIGH CURRENT 
GAIN 


The 
L 702 
is a monolithic 
bipolar 
integrated 
circuit 
for 
high current 
and 
high 
voltage 
switching 
appli- 
cations. 
It comprises 
four 
darlington 
transistors 
with 
common 
emitter 
and 
open 
collector, 
suitable 
for 
current 
sinking 
applications, 
mounted 
on the 
new Powerdip 
and Multiwatt 
packages. 


This 
circuit 
reduces 
components, 
sizes and 
costs; 
it can 
provide 
direct 
interface 
between 
low level logic 
and a variety 
of high current 
applications. 


Collector-emitter 
voltage 
(input 
open) 
Input 
voltage 
Collector 
current 
Collector 
peak 
current 
(repetitive) 


Total 
power 
dissipation 
at T pin 9 to 16 ,,;; 90°C} 
Powerdip 
Total 
power 
dissipation 
at Tamb";; 
70°C 
Total 
power 
dissipation 
at Tease ,,;;90°C 
Multiwatt 
Storage 
temperature 
Operating 
junction 
temperature 


VCEX 
Vi 
Ic 
Ic 
Ptot 


ORDERING 
NUMBER: 
L 7028 
- 
Powerdip 
L 702N 
- 
Multiwatt 


.~ 


~ 


90 
30 
2 
3 
4 


1.1 
20 


-55 
to 150 
-25 to 150 


L702 


CONNECTION 
DIAGRAMS 
(top view) 


$0-)410 


81 
1 
I. 


11 
Bl 
~ 


10 
B2 
82 
2 
15 


9 
nc 


CI 
3 
14 
8 
Cl 


7 
C2 


C2 
4 
13 
6 
GND 
GND 
5 
C3 


C3 
5 
12 
4 
C 4 


$ 


3 
C4 • 
2 
83 


83 
7 
10 
B4 


84 
a 
THE 
TAB 
IS CONNECTED 
TO 
PIN 
6 
5-3H9 


Rth 
j-amb 
R th j-pins 
9/16 
Rth 
j-case 


Thermal resistancejunction ambient 
} 
Thermal resistancejunction pins 9 to 16 
Thermal resistancejunction-case 


Powerdip 


Multiwatt 


max 
max 
max 


°C/W 
°C/W 
°C/W 


L702 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


ICEX 
Output 
leakage 
current 
VCE= 90V 
10 
50 
IlA 


VCE 
(sus!) 
Coll.ector 
emitter 
(0) sustaining 
IC=100mA 
70 
V 


voltage 


VCE (sat) 
Collector 
emitter 
saturation 
Ic = 1.25A 
1.3 
1.9 
V 
voltage 
'i = 2 mA 


hFE 
DC forward 
current 
gain 
Ic ~ lA 
1700 
4000 


VCE= 3V 


I; 
Input 
current 
Vi = 3.75V 
7 
11 
mA 


Vi = 2.4V 
3 
6 
mA 
open collector 


Vi 
I nput 
voltage 
off 
condition 
VcC 
70V 
Ic'; 
0.1 mA 
0.4 
V 


on condition 
VCE- 
3V 
Ic;;' 
lA 
2.4 
V 


ton 
Turn 
on time 
Vs ~ 12V 
0.3 
IlS 


toft 
Turn 
off 
time 
RL~10n 
1 
IlS 


~ 


5vol 
""'" 


I 
' 


-it 
- 


Fig. 3 - Peak collector cur- 
rent vs. duty cycle and num- 
ber of outputs(L702B 
only) 


L702 


Fig. 4 - Collector 
emitter 
saturation 
voltage 
vs. col- 
lector current 


) 


"'FE-6O 
- 


Fig. 7 - Safe operating areas 
(L702B) 


Fig. 5 - Collector 
current 
vs. input voltage 
Fig. 6 - Input 
current 
vs. 


input voItage 


1711 


i 


Fig. 8 - Safe operating areas 
(L702N) 
Fig. 9 - DC current gain vs. 
collector current 
(*) 


LINEAR 
INTEGRATED 
CIRCUITS 
L2000 
Series 


• 
OUTPUT 
CURRENT 
UP TO 
2A 
• 
OUTPUT 
VOLTAGES 
OF 5; 7.5; 
9; 10; 12; 15; 18; 24V 
• 
THERMAL 
OVERLOAD 
PROTECTION 
• 
SHORT 
CIRCUIT 
PROTECTION 
• 
OUTPUT 
TRANSISTOR 
SOA PROTECTION 


The 
L2000 
series 
of three-terminal 
positive 
regulators 
is available 
in TO-220 
and 
TO-3 
packages 
and 
with 
several 
fixed 
output 
voltages, 
making 
it useful 
in a wide range of applications. 
These 
regulators 
can 
provide 
local 
on-card 
regulation, 
eliminating 
the 
distribution 
problems 
associated 
with 
single 
point 
regulation. 
Each 
type 
employs 
internal 
current 
limiting, 
thermal 
shut-down 
and 
safe area 
protection, 
making 
it essentially 
indestructible. 
If adequate 
heat 
sinking 
is provided, 
they 
can deliller 
over 2A output 
current. 
Although 
desiqned 
primarily 
as fixed 
voltage 
regulators, 
these 
devices 
can be used with external 
components 
to obtain 
adjustable 
voltages 
and currents. 


DC input 
voltage 
(for V 0 = 5 to 18V) 
(for V 0 = 24V) 
35 
V 
40 
V 
internally 
limited 
Internally 
limited 
-65 
to +150 
°C 
-55to+150 
°C 
o to +150 
°C 


Output 
current 
Power 
dissipation 
Storage 
temperature 
Operating 
junction 
temperature 
(for L2000) 
(for L2000C) 


. II£ 


L2000 
Series 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 
(top views) 


Type 
TO-220 
TO-3 
Output voltage 


L2005 
- 
L2005T 
5V 
L2005C 
L2005CV 
L2005CT 
5V 
L2075 
- 
L2075T 
7.5V 
L2075C 
L2075CV 
L2075CT 
7.5V 
L2009 
- 
L2009T 
9V 
L2009C 
L2009CV 
L2009CT 
9V 
L2010 
- 
L2010T 
10V 


'L2010C 
L2010CT 
L2010CT 
10V 
L2012 
- 
L2012T 
12V 
L2012C 
L2012CV 
L2012CT 
12V 
L2015 
- 
L2015T 
15V 
L2015C 
L2015CV 
L2015CT 
15V 
L2018 
- 
L2018T 
18V 
L2018C 
L2018CV 
L2018CT 
18V 
L2024 
- 
L2024T 
24V 
L2024C 
L2024CV 
L2024CT 
24V 


L2000 
Series 


tL 


I 


Jl 


Vo 


ov 
30,us 


3°C/W 
50°C/W 
4°C/W 
35°C/W 
Rth 
j-<ase 
Rth j-amb 
Thermal resistance junction-case 
Thermal resistance junction-ambient 


L2000 
Series 


ELECTRICAL 
CHARACTERISTICS 
L2000 
(Refer 
to the test circuits, 
Tj= 25°C, 
10= 500 mA- 


unless 
otherwise 
specified) 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15 
Unit 
(Unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
4.8 
5 
5.2 
7 15 
7.5 
7.9 
8.65 
9 
935 
95 
10 
10.5 


voltage 
V 


10 
1A 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
8.6 
9 
9.4 
9.4 
10 
10.6 


IV, 
7VI 
IV, 
9.5Vl 
IV, 
l1V1 
IV,= 12.5VI 


!!,vo 
Line 
100 
120 
130 
200 


regulation 
(Vi 
7 10 25Vl 
IV, 
95 
to 25VI 
IV, 
11 to 25VI 
IV, 
12.5 to 30V) 
mV 


50 
60 
65 
100 


(Vi 
8 to 12VI 
IV, 
105 to 20VI 
IV, 
11 to 20VI 
IV, 
14 to 22V) 


!!,vo 
Load 
'0= 20 mA to 
2A 
100 
120 
130 
150 
mV 


reguliltion 
I 


10 
Gu iescent 
8 
8 
8 
8 
mA 


current 


1110 
Quiescent 
10= 20 
mA 
to 
lA 
05 
1 


05 
05 
0.5 


current 
mA 
change 
10 
20 
mA 
1.3 
1.3 
1.3 
1 


IV," 
7 10 25VI 
IV, 
9.5 
to 25Vl 
(Vi 
11 1025V) 
IVi" 
12.510 30V) 


IIVo 
Output 
10 
5mA 


liT 
voltage 
T 


J= -55 
to 150 C 
-11 
-0.8 
-1 
-1 
mV' C 
drift 


-- 


eN 
Output 
B-=10Hz 
10 100KHz 
40 
52 
60 
65 
"V 


noise 


voltage 


- - 


SVR 
Supply 
I 
120 Hz 
60 
54 
53 
53 
dB 


voltage 
rejection 


V; 
Operating 
10 
. 
1.5A 
8 
10.5 
12 
13 
V 


Input 


voltage 


Ro 
Output 
f 
1 KHz 
17 
16 
17 
17 
mIl 
resistance 


Isc 
Short 
mA 
circuit 
V;" 
27V 
500 
500 
500 
500 
current 


Isep 
Short 
eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L2000 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 


INPUT 
VOLTAGE 
23 
26 
33 
Unit 
IUnless otherwise 
specified) 
19 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
14.4 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


vol rage 
V 


10= 
lA 
11.4 
12 
12.6 
14.25 
15 
15.75 
17 
18 
19 
22.? 
24 
25.2 


(V,= 14.5V) 
(V,= 17.5V) 
(V,= 20.5VI 
IV,= 27V) 


fWo 
Line 
240 
300 
360 
480 


regulation 
IV,= 14.5 '0 30VI 
IV, 
17.510 30VI 
IV,= 20.5 '0 30V} 
IV;= 27 10 38VI 
mV 


120 
150 
180 
240 


IV,= 16 '0 22VI 
(Vi":' 20 to 26Vl 
(Vi 
22 '0 28VI 
(V ,= 30 10 36V) 


tJ.Vo 
Load 
10""20 nlA to 2A 
160 
180 
200 
250 
mV 


regulation 


Id 
Ouiescent 
8 
8 
8 
8 
mA 
current 


tJ.ld 
Quiescent 
10= 20mA 
to lA 
0.5 
0.5 
0.5 
0.5 


current 


change 
10= 20 
mA 
1 
1 
1 
1 
mA 


IV,= 14.5 to 30VI 
(V,= 17.5 to 30VI 
IV, 
22 '0 33V) 
(V,= 28 to 38V) 


!OVo 
Output 
10= SmA 
-1 
-1 


voltage 
T," -55 
'0 1\;0 C 
-1 
-1.5 
mV/oC 


tJ.T 
drift 


eN 
Output 
B= 10Hz 
to 100KHz 
75 
90 
110 
170 
~V 


noise 


vol tage 


SVA 
Supply 
f 
120 Hz 
53 
52 
49 
48 
d8 


voltage 


rejection 


V, 
Operating 
10" 
1.5A 
15 
18 
21 
27 
V 


Input 


voltage 


Ao 
Output 
f = 1 KHz 
18 
19 
22 
23 
mH 
resistance 


'sc 
Short 


circuit 
Vi = 27V 
500 
500 
500 
500 
mA 


current 


ISeD 
Short cire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L2000 
Series 


ELECTRICAL 
CHARACTERISTICS 
L2000C 
(Refer 
to the 
test 
circuits, 
Tj= 25°C, 
10= 500mA 
unless 
otherwise 
specified) 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15 
Unit 
(Unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
4.8 
5 
5.2 
7.15 
7.5 
7.9 
8.65 
9 
9.35 
9.5 
10 
10.5 


voltage 
V 


10= lA 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
8.6 
9 
9.4 
9.4 
10 
10.6 
IV,= 7V) 
IVj= 9.5V) 
IVj= 11V) 
(Vi= 12.5V) 


t.vo 
Line 
100 
120 
130 
200 


regulation 
IVj= 7 to 25V) 
(Vj= 9.5 to 25V) 
(Vj= 11 to 25V) 
IVj= 12.5 to 30V) 


mV 
50 
60 
65 
100 


IV;= 8 to 12V) 
IVj= 10.5 10 20V) 
IVj= 11 to 20V) 
(Vj= 14 to 22V) 


t.vo 
Load 
10= 20 mA to 
2A 
100 
140 
170 
240 
mV 
regulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 


current 


"'Id 
Quiescent 
10= 20 mA to lA 
0.5 
0.5 
0.5 
0.5 


current 
mA 


change 
10= 20 mA 
1.3 
1.3 
1.3 
1.0 


IVj= 7 to 25V) 
IV, = 9.5 to 25V) 
IV, = 11 '0 25V) 
IV;= 12.5 to 30V) 


"'Vo 
Output 
\0= 5 mA 


"'T 
voltage 
T amb= 0 16 70"C 
-1.1 
-0.8 
-1 
-1 
mV/'C 


drift 


eN 
Output 
8= 10Hz to 100KHz 
40 
52 
60 
65 
~V 


noise 


voltage 


SVR 
Supply 
f = 120 Hz 
54 
48 
47 
47 
dB 


voltage 
rejection 


Vj 
Operating 
10 <; 1.5A 
8 
10.5 
12 
13 
V 


input 


voltage 


Ro 
Output 
f = 1 KHz 
17 
16 
17 
17 
mH 


resistance 


Isc 
Short 
mA 


circuit 
Vj = 27V 
500 
500 
500 
500 
current 


Ise<> 
Short cire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L2000 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 


INPUT 
VOLTAGE 
33 
(Unless otherwise 
specified) 
19 
23 
26 
Unit 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
14.4 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


I 


voltage 
V 
10= lA 
11.4 
12 
12.6 
14.25 
15 
15.75 
17 
18 
19 
22.8 
24 
25.2 


(Vi= 14.5VI 
IVi= 17.5VI 
IVi= 20.5V) 
(Vi= 27V) 


i'.Vo 
Line 
240 
300 
360 
480 
regulation 
(Vi= 14.5 to 30VI 
(Vi= 17.5 to 30V) 
(Vi= 20.5 to 30VI 
IVi= 27 to 38VI 
mV 


120 
150 
180 
240 


(Vi= 16 to 22VI 
(Vi= 20 to 26VI 
(Vi= 22 to 28VI 
(V,= 30 to 36VI 


i'.Vo 
Load 
10= 20 mA to 2A 
240 
300 
360 
480 
mV 


regulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 
current 


i'.ld 
Quiescent 
lo'=20mAtolA 
0.5 
0.5 
0.5 
0.5 


current 
mA 
change 
10= 20 mA 
1.0 
1.0 
1.0 
1.0 


(V, = 14.5 to 30V) 
(V, = 17.5 to 30V 
(V, = 20.5 to 30VI 
(V, = 27 to 38VI 


i'.Vo 
Output 
lo=' 5mA 
-1 
-1 
-1 
-1.5 
mvrc 


i'.T 
voltage 
T amb= 0 to 70"C 


drift 


eN 
Output 
B= 10Hz to 100KHz 
75 
90 
110 
170 
!'V 


noise 


voltage 


SVR 
Supply 
f= 
120Hz 
47 
46 
43 
42 
dB 


voltage 


rejection 


Vi 
Operating 
10" 
1.5A 
15 
18 
21 
27 
V 


input 


voltage 


Ro 
Output 
f = 1 KHz 
18 
19 
22 
28 
mf! 


resistance 


Isc 
Short 
circuit 
Vi = 27V 
500 
500 
500 
500 
mA 


current 


ISeD 
Short eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


curren.t 


L2600 
Series 
LINEAR 
INTEGRATED 
CIRCUITS 


• 
OUTPUT VOLTAGE 
OF 5,8.5AND10V 
• 
OUTPUT CURRENT 
UP TO 500 mA 
• 
NO EXTERNAL 
COMPONENTS 


• 
LOW DROP-OUT 
VOLTAGE 
• 
LOAD DUMP VOLTAGE 
SURGE PROTECTION 
• 
REVERSE VOLTAGE 
PROTECTION 
• 
SHORT CI RCUIT PROTECTION 


• 
CURRENT 
LIMITING 
• 
THERMAL 
SHUTDOWN 


The L2600 
series of 
three therminal 
positive 
regulators 
is specially design to stabilize power supplies 


for car instrumentation 
in vehicles with 
12V battery. They can supply an output 
current up to 500 mA. 


DC input voltage 
DC input reverse voltage 
Positive transient 
peak voltage (t = 40 ms, duty cycle = 1%) 
Negative transient peak voltage (t = 30 ms, duty cycle = 1%) 
Operating temperature 
Storage temperature 
Power dissipation 


35 
V 


-28 
V 


120 
V 


-90 
V 
-55 to 150°C 
-65 to 150 
°C 


Internally 
limited 


ORDERING 
NUMBERS: 
L2605V 
(Vo= 5V) 
L2685V 
(Vo= 8.5V) 


L2610V 
(Vo= 10V) 


L2600 
Series 


CONNECTION 
AND 
BLOCK 
DIAGRAMS 
(top view) 
fl 


21 


> OUTPUT 


,", ~ 
~: 


: GROUND 


INPUT 


'>, 
15681 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Output 
voltage 
Vi = 12 to 16V 
(L2605) 
4.8 
5 
5.2 


10=500mA 
Vi = 12 to 16V 
(L2685) 
8.15 
8.5 
8.85 
V 


Vi = 12 to 16V 
(L2610) 
9.55 
10 
10.45 


Vi 
Operating 
input 
see note 
(0 I 
28 
V 


voltage 


6Vo 
Line 
regulation 
10 = 50 mA 
Vi=12to16V 
2 
mV 


6Vo 
Load 
regulation 
Vi = 14V 
10 = 50 to 500 mA 
0.3 
% 
-- 
Va 


6Vi·o 
Dropout 
voltage 
10=500mA 
1.8 
V 


6Vo 
Output 
voltage 
10 = 50mA 
Vi=14V 
-1 
mV/oC 
-- 
drift 
Tamb 
= -12 
to 80°C 


6T 


Isc 
Output 
short 
Vi = 14V 
900 
mA 


circuit 
current 


SVR 
Supply 
vol tage 
V, = 16V 
6Vi 
= 2V 


rejection 
f = 
100Hz 
10 = 500mA 
60 
dB 


Ro 
Output 
resistance 
10 = 500mA 
0.05 
17. 


eN 
Output 
noise voltage 
BW = 100Hz 
to 10KHz 
20 
IJV 


L7800 
Series 
LINEAR 
INTEGRATED 
CIRCUITS 


• 
OUTPUT CURRENT UP TO 1.5A 
• 
OUTPUT VOLTAGES OF 5; 7.5; 9; 10; 12; 15; 18; 24V 
• 
THERMAL OVERLOAD PROTECTION 
• 
SHORT CIRCUIT PROTECTION 
• 
OUTPUT TRANSISTOR SOA PROTECTION 


The L7800 series of three-terminal 
positive regulators is available in TO-220 
and TO-3 packages and 
with several fixed output 
voltages, making it useful in a wide range of applications. These regulators can 
provide 
local on-card 
regulation, 
eliminating 
the distribution 
problems 
associated with single point 
regulation. 
Each type employs 
internal current 
limiting, thermal shu.t-down and safe area protection, 
making it essentially indestructible. 
If adequate heat sinking is provided, they can deliver over 1.5A out- 
put current. 
Although designed primarily as fixed voltage regulators, these devices can be used with ex- 
ternal components 
to obtain adjustable voltages and currents. 


DC input voltage 
(for Vo = 5 to 18V) 
(for Vo = 24V) 
35 
V 
40 
V 
internally limited 
Internally limited 
-65 to +150 
°C 
-55 to +150 
°C 
o to +150 
°C 


Output current 
Power dissipation 
Storage temperature 
Operating junction temperature 
(for L7800) 
(for L7800C) 


, II£ 


O.UfPUf 
~[ 


4.2 
4.0 


L7800 
Series 


CONNECTION 
DIAGRAMS 
AND 
ORDERING NUMBERS 
(top views) 


Type 
TO-220 
TO-3 
Output 
voltage 


L 7805 
- 
L 7805T 
5V 
L 7805C 
L 7805CV 
L 7805CT 
5V 
L 7875 
- 
L 7875T 
7.5V 
L 7875C 
L 7875CV 
L 7875CT 
7.5V 
L 7809 
- 
L 7809T 
9V 
L 7809C 
L 7809CV 
L 7809CT 
9V 
L 7810 
- 
L 7810T 
10V 
L 7810C 
L 7810CV 
L 7810CT 
10V 
L 7812 
- 
L 7812T 
12V 
L 7812C 
L 7812CV 
L 7812CT 
12V 
L 7815 
- 
L 7815T 
15V 
L 7815C 
L 7815CV 
L 7815CT 
15V 
L 7818 
- 
L 7818T 
18V 
L 7818C 
L 7818CV 
L 7818CT 
18V 
L 7824 
- 
L 7824T 
24V 
L 7824C 
L 7824CV 
L 7824CT 
24V 


~ 


HERHAl 


PROTECTION 
~_----+_ 


GNO 
3 


L7800 
Series 


R1h 
H:ase 


R1h 
j-amb 
Thermal 
resistance 
junction-case 
Thermal 
resistance 
junction-ambient 
3°C/W 
50°C/W 
4°C/W 
35°C/W 


L7800 
Series 


ELECTRICAL 
CHARACTERISTICS 
L7800 (Refer to the test circuits, Tj= 25°C, 10= 500 mA 
unless otherwise specified) 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15 
Unit 
(Unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Va 
Output 
4.8 
5 
5.2 
7.15 
7.5 
7.9 
8.65 
9 
9.35 
9.5 
10 
10.5 


voltage 
V 


10= lA 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
86 
9 
9.4 
9.4 
10 
10.6 
IVi= 7VI 
(Vi= 9.5VI 
(Vi= l1V1 
(Vi= 12.5VI 


t;Va 
Line 
50 
60 
80 
100 


regulation 
IVi= 7 to 25V) 
IVi= 9.5 to 25VI 
(Vi= 11 to 25VI 
(Vi= 12.5 to 30VI 
mV 
25 
30 
40 
50 
(Vi= 8 to 12V) 
1Vi= 10.5 to 20V) 
(Vi= 11 to 20V) 
(Vi= 14 to 22V) 


t;Va 
Load 
10= 20 mA to 1.5A 
100 
100 
100 
100 
mV 


regulation 


'- 
ld 
Quiescent 
6 
6 
6 
6 
mA 
current 


tdd 
Quiescent 
10= 20 mA to 1A 
0.5 
0.5 
0.5 
0.5 
current 
mA 
change 
10= 20 mA 
0.8 
0.8 
0.8 
0.8 


IVi= 8 to 25V) 
1Vi= 9.5 to 25VI 
(Vi= 11 to 25VI 
(Vi= 13 to 30VI 


t,vo 
Output 
10= 5 mA 


l>T 
voltage 
Tj= -55 to 150"C 
-1.1 
-0.8 
-, 
-, 
mVJOC 
drift 


eN 
Output 
B= 10Hz to , OOKHz 
40 
52 
60 
70 
)J.V 


noise 


voltage 


SVR 
Supply 
f= 
120Hz 
68 
62 
60 
60 
dB 
voltage 
rejection 


Vi 
Operating 
1o" 
lA 
7 
9.5 
11 
12.5 
V 
input 


voltage 


Ra 
Output 
f = 1 KHz 
17 
16 
17 
17 
mn 


resistance 


Isc 
Short 
mA 
circuit 
Vi = 27V 
500 
500 
500 
500 
current 


lscp 
Short eire. 
peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L7800 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 


INPUT 
VOLTAGE 
19 
23 
26 
33 
Unit 
(Unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
14.4 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


voltage 
V 


10= lA 
11.4 
12 
12.6 
14.25 
15 
15.75 
17 
18 
19 
22.8 
24 
25.2 


(Vi= 14.5VI 
(Vi= 17.5V) 
(Vi= 20.5VI 
(Vi= 27V) 


t,vo 
Line 
120 
150 
180 
240 


regulation 
(Vi= 14.5 to 30V) 
(Vi= 17.5 to 30V) 
(Vi= 20.5 to 30VI 
(Vi= 27 to 38V) 
mV 


60 
75 
90 
120 


(Vi= 16 to 22VI 
(Vj= 20 to 26VI 
(Vi= 22 to 28VI 
(VI= 30 to 36V) 


t>Vo 
Load 
10= 20 mA to 1.5A 
120 
150 
180 
240 
mV 


regulation 


10 
Quiescent 
6 
6 
6 
6 


current 


mA 


t>lo 
Quiescent 
10= 20mA 
to lA 
0.5 
0.5 
0.5 
0.5 


current 
change 
10= 20 mA 
0.8 
0.8 
0.8 
0.8 
mA 


(Vi= 15 to 30V) 
IVi= 18.5 to 30V) 
(Vi= 22 to 33V) 
IVi= 28 to 38V) 


t>Vo 
Output 
10= 5mA 
-1 
-1 
-1 
-1.5 
mVioC 


t>T 
voltage 
Tj= -55 to 1500C 
drift 


eN 
Output 
B= 10Hz to 100KHz 
75 
90 
110 
170 
/,V 


noise 
voltage 


SVR 
Supply 
f = 120 Hz 
60 
60 
59 
56 
dB 


voltage 


rejection 


Vi 
Operating 
- 


10'" 
lA 
14.5 
17.5 
20.5 
27 
V 


input 


voltage 


Ro 
Output 
f = 1 KHz 
18 
19 
22 
28 
mn 


resistance 


Isc 
Short 
circuit 
Vi = 27V 
500 
500 
500 
500 
mA 


current 


Iscp 
Short circ. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 
/ 


L7800 
Series 


ELECTRICAL 
CHARACTERISTICS 
L7800C(Refer 
to the test circuits, Tj= 25°C, 10= 500 mA 


unless otherwise specified) 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15 
Unit 
(Unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
4.8 
5 
5.2 
7.15 
7.5 
7.9 
8.65 
9 
9.35 
9.5 
10 
10.5 


voltage 
V 
10= 1A 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
8.6 
9 
9.4 
9.4 
10 
10.6 
(V;= 7V) 
(V;= 9.5VI 
(Vi= 11VI 
(Vi= 12.5VI 


t:.vo 
Line 
100 
120 
130 
200 


regulation 
(Vi= 7 to 25VI 
(Vi= 9.5 to 25VI 
(Vi= 11 to 25VI 
(Vi= 12.5 to 30V) 


mV 


50 
60 
65 


(Vi= 8 to 12VI 
(Vi= 10.5 to 20V) 
(Vi= 11 to 20V) 
(Vi= 14 to 22V) 


t:.vo 
Load 
10= 20 mA to 1.5A 
100 
120 
140 
200 
mV 
j"egulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 


current 


llid 
Quiescent 
10= 20mA 
to 1A 
0.5 
0.5 
0.5 
0.5 


current 
mA 
change 
'0= 20mA 
1.3 
1.3 
1.3 
1.0 


(Vi= 7 to 25VI 
(V; = 9.5 to 25VI 
(V; = 11 to 25V) 
(Vi= 12.5 to 30V) 


llVo 
Output 
10= 5 mA 


llT 
voltage 
T amb= a to 7~C 
-1.1 
-0.8 
-1 
-1 
mV/oC 


drift 


eN 
Output 
B= 10Hz to 100KHz 
40 
52 
60 
65 
"V 


noise 


voltage 


SVR 
Supply 
f = 120 Hz 
62 
57 
55 
55 
dB 


voltage 
rejection 


Vi 
Operating 
lo~ 
1A 
7 
9.5 
11 
12.5 
V 


input 
voltage 


Ro 
Output 
f = 1 KHz 
17 
16 
17 
17 
mn 


resistance 


Isc 
Short 
mA 
circuit 
Vi = 27V 
500 
500 
500 
500 
current 


Iscp 
Short eire. 
peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L7800 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 


INPUT 
VOLTAGE 
19 
23 
26 
33 
Unit 
(Unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
14.4 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


voltage 
V 


10= lA 
11.4 
12 
12.6 
14.25 
15 
15.75 
17 
18 
19 
22.8 
24 
25.2 


IVi= 14.5VI 
IVi= 17.5V) 
IVi= 20.5VI 
1Vi= 27VI 


tNo 
Line 
240 
300 
360 
480 


regulation 
IVi= 14.5 to 30V) 
IVi= 17.5 to 30V) 
IVi= 20.5 to 30V) 
IVi= 27 to 38VI 


mV 
120 
150 
180 
240 


IVi= 16 to 22V) 
IVi= 20 to 26VI 
IVi= 22 to 28V) 
IV;= 30 to 36VI 


AVo 
Load 
10= 20 mA to 1.5A 
240 
300 
360 
480 
mV 
regulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 
current 


Aid 
Quiescent 
10= 20 mA to 1A 
0.5 
0.5 
0.5 
0.5 
current 
mA 
change 
10= 20 mA 
1.0 
1.0 
1.0 
1.0 
(Vi = 14.5 to 30V) 
(Vi = 17.5to 
30V 
(Vi = 20.5 to 30V) 
(Vi = 27 to 38VI 


AVo 
Output 
10= 5mA 
-1 
-1 
-1 
-1.5 
mVrc 
AT 
voltage 
T amb= 0 to 7CYC 
drift 


eN 
Output 
B= 10Hz to 100KHz 
75 
90 
110 
170 
"V 
noise 


voltage 


SVR 
Suppiy 
f = 120 Hz 
55 
54 
53 
50 
dB 


voltage 


rejection 


Vi 
Operating 
10" 
lA 
14.5 
17.5 
20.5 
27 
V 


input 


voltage 


Ro 
Output 
f = 1 KHz 
18 
19•• 
22 
28 
mil 


resistance 


Isc 
Short 
circuit 
Vi = 27V 
500 
500 
500 
500 
mA 
current 


Iscp 
Short 
eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 
current 


L7800 
Series 


Fig. 4 - Dropout 
voltage 
vs. 


junction 
temperature 


Fig. 
7 - Output 
voltage 
vs. 


junction 
temperature 


Fig. 
10 


response 


Fig. 5 - Peak output 
current 
vs. input/output 
differential 
voltage 


Fig. 
8 - Output 
impedance 
vs. frequency 


Fig. 
11 


response 


1 
1 
1 
1 
I 
I 


I 
INPUT 
VOLTAGE 
I 
1",0, 
I 
I 
, 


1 
I 
, 
I 
I 
I 
I I 
I 
~::flON'oO.lIGEi 


I 
I 
I:'"""'''' 
I 
I 
I 
." 


I 
I 
I 
I 
I 


Fig. 
6 
Supply 
voltage 
rejection 
vs. frequency 


Fig. 
9 
- 
Qu iescent 
current 
vs. junction 
temperature 


Fig. 
12 - Quiescent 
current 
vs. input 
voltage 


L7800 
Series 


Notes: 
(1) To specify an output voltage, substitute voltage 
value for "XX". 


(2) Although no output capacitor is neededfor sta- 


bility I it does improve transient response. 


(3) Required if regulator is located an appreciable 
distance from power supply filter. 


I = 
Vxx 
o 
--- R1 


Fig. 18 - Hiqh current voltage regulator 


.Y, 


Yo 
~ 


L 78XX 
~ 


Yo 
Jfi 
!REG 
10 


~ 


O.1,uF 


S·2716/1 


R1= 


VSEQ1 


-~ 
IREG 
{3QI 


1= 
IREG + {3QI 
[IREG 
VSEQ1 
0 
R1 


154 


L7800 
Series 


Fig. 19 - 
High 
output 
current 
with 
short 
circuit protection 


(0) Dl 
and D2 are necessary if the load is connected 
between + V0 and - V0 


JII 


L7800 
Series 


Fig. 28 - 
Reducing 
power 
dissipation 
with 


droppin!j resistor 


R = ~min) 
- 
Vxx 
- 
VDROP(max) 


lo(max) 
+ Id(max) 


L7800 
Series 


Fig. 30 
- 
Power 
AM modulator 
(unity 
voltage 
gain, 
10 ~ 
1.5A) 
Fig. 31 - 
Adjustable 
output 
voltage 
with tem- 


perature 
compensation 


. V,o-1 
L 78XX I' 
I 
0 Vo 


i, 
R1Q~VXX 


~ 


1 
.~5CJa2 


BC 
153 


I 
TC 
rJ3' 


r- 
• 
LI- 


_ 
$0-4117/1 


Note: 
O2 is connected 
as a diode 
in order 
to 
compensate 
the 
variation 
of 
the 
01 


VBE with 
the temperature. 
C allows a 


slow rise-time 
of the V0 


RZ 
Vo=VXX (1+ --)+VBE 


R1 


Fig. 33 - 
Protection 
against 
input 
short-cir- 


cuit 
with 
high 
capacitance 
loads 


Applications 
with 
high 
capacitance 
loads 
and 
an 


output 
voltage 
greater 
than 
6 volts 
need an external 
diode 
(see 
fig. 
33) 
to 
protect 
the 
device 
against 


input 
short 
circuit. 
In this 
case 
the 
input 
voltage 


falls 
rapidly 
while 
the 
output 
voltage 
decreases 


showly. 
The 
capacitance 
discharges 
by means 
of the 


Base-Emitter 
junction 
of the 
series 
pass 
transistor 


in the 
regulator. 
If the 
energy 
is sufficiently 
high, 


the 
transistor 
may 
be destroyed. 
The external 
diode 


by-passes 
the current 
from 
the Ie to qround. 


L78S00 
Series 
LINEAR 
INTEGRATED 
CIRCUITS 


• 
OUTPUT 
CURRENT 
UP TO 2A 
• 
OUTPUT 
VOLTAGES 
OF 5; 7.5; 
9; 10; 12; 15; 18; 24V 
• 
THERMAL 
OVERLOAD 
PROTECTION 
• 
SHORT 
CIRCUIT 
PROTECTION 
• 
OUTPUT 
TRANSISTOR 
SOA PROTECTION 


The 
L78S00 
series 
of three-terminal 
positive 
regulators 
is available 
in TO-220 
and 
TO-3 
packages 
and 
with 
several 
fixed 
output 
voltages, 
making 
it useful 
in a wide 
range of applications. 
These 
regulators 
can 
provide 
local 
on-card 
regulation, 
eliminating 
the 
distribution 
problems 
associated 
with 
single 
point 


regulation. 
Each 
type 
employs 
internal 
current 
limiting, 
thermal 
shut-down 
and 
safe area 
protection, 


making 
it essentially 
indestructible. 
If adequate 
heat 
sinking 
is provided, 
they 
can deliver 
over 2A output 
current. 
Although 
desiqned 
primari Iy as fixed 
voltage 
regulators, 
these 
devices 
can be used with 
external 


components 
to obtain 
adjustable 
voltages 
and currents. 


DC input 
voltage 
(for Vo = 5 to 18V) 
(for V 0 = 24V) 
35 
V 
40 
V 
internally 
limited 
Internally 
limited 
-65 
to +150 
°c 
-55 
to +150 
°C 
o to +150 
°C 


Output 
current 
Power 
dissipation 
Storage 
temperature 


Operating 
junction 
temperature 
(for L78S00) 
(for L78S00C) 


" II 
=£ 


L78S00 
Series 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS· 


(top views) 
Q 


o 
OUTPUT 


:=: 
C~J 
GNO 


\0 
INPUT 


5--1..,6912 


Type 
TO-220 
TO-3 
Output 
voltage 


L 78S05 
- 
L 78S05T 
5V 
L 78S05C 
L 78S05CV 
L 78S05CT 
5V 
L 78S75 
- 
L 78S75T 
7.5V 
L 78S75C 
L 78S75CV 
L 78S75CT 
7.5V 
L 78S09 
- 
L 78S09T 
9V 
L 78S09C 
L 78S09CV 
L 78S09CT 
9V 
L 78S10 
- 
L 78S10T 
10V 
L 78S10C 
L 78S10CT 
L 78S10CT 
lOV 
L 78S12 
- 
L 78S12T 
12V 
L 78S12C 
L 78S12CV 
L 78S12CT 
12V 
L 78S15 
- 
L 78S15T 
15V 
L 78S15C 
L 78S15CV 
L 78S15CT 
15V 
L 78S18 
- 
L 78S18T 
18V 
L 78S18C 
L 78S18CV 
L 78S18CT 
18V 
L 78S24 
- 
L 78S24T 
24V 
L 78S24C 
L 78S24CV 
L 78S24CT 
24V 


470.uF 


~- 


Rth 
H:ase 


Rth 
j-amb 
Thermal 
resistance 
iunction-case 
Thermal 
resistance 
junction-ambient 
3°C/W 
50°C/W 
4°C/W 
35°C/W 


L78S00 
Series 


ELECTRICAL 
CHARACTERISTICS 
L78S00 (Refer 
to the test 
circuits, 
T= 
25°C 
I = 500 mA 
unless 
otherwise 
specified) 
J 
' 
0 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15. 
Unit 
(Unless otherwise specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min, 
Typ. 
Max. 


Vo 
Output 
4.8 
5 
5.2 
7.15 
7.5 
7.9 
8.65 
9 
935 
9.5 
10 
10.5 


voltage 
-- ------- 
1-- 
V 


10= 
lA 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
8.6 
9 
9.4 
9.4 
10 
10.6 


~ 
IV, 
9.5VI 
IV, 
l1V1 
IVi= 12.5VI 


6Vo 
Line 
100 
120 
130 
200 


regulation 
IVi 
7 to 25VI 
(Vi 
9.5 to 25V) 
IVi 
11 to 25VI 
IVi= 12.5 to 30VI 


mV 


50 
60 
65 
100 


(Vi 
8 to 12VI 
IV," 
10.5 to 20VI 
(Vi 
11 to 20V) 
IV,= 14to22VI 


6Vo 
Load 
10= 20 mA to 2A 
100 
120 
130 
150 
mV 


regulation 
1 =,l- 


Id 
Quiescent 
I 
8 
8 
8 
mA 


current 


61d 
Quiescent 
10= 20mA 
to lA 
0.5 
0.5 
0.5 


current 
mA 
change 
10= 20 
mA 
1.3 
1.3 
1.3 
1 
IVi= 7 to 25VI 
(Vi 
95 
to 25V) 
IVi- 
11 to 25VI 
IVi= 
12.5 to 30VI 


6Vo 
Output 
10= 5 mA 


6T 
voltage 
Tt= -55 to 150 C 
-1.1 
-0.3 
-1 
-1 
mW'C 


drift 


-- j------- 


eN 
Output 
B"" 1OHz to 100KHz 
40 
52 
60 
65 
"V 


nOise 


voltage 


SVR 
Supply 
f=120Hz 
60 
54 
53 
53· 
dB 
voltage 
rejection 


Vi 
Operating 
10 
~ 1.5A 
8 
10.5 
12 
13 
V 


input 
voltage 


Ro 
Output 
f = 1 KHz 
17 
16 
17 
17 
mIl 


resistance 


Isc 
Short 
mA 
circuit 
Vi = 27V 
500 
500 
500 
500 


current 


Iscp 
Short 
cire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L78S00 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 


INPUT 
VOLTAGE 


23 
26 
33 
Unit 
(Unless otherwise 
specified) 
19 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
14.4 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


voltage 
V 


10= 
lA 
11.4 
12 
12.6 
14.25 
15 
15.75 
17 
18 
19 
22.? 
24 
25.2 


IV,~ 14.5VI 
IVi" 
17.5VI 
IVi" 
20.5VI 
(Vi= 27V1 


{~Vo 
Line 
240 
300 
360 
480 


regulation 
IVi" 
14.5 to 30VI 
IVi" 
17.5 to 30V) 
IVi" 
20.5 to 30V) 
IVi" 
27 to 38VI 


mV 


120 
150 
180 
240 


(Vi" 
16 to 22VI 
IVi= 20 to 26VI 
IVi" 
22 to 28VI 
(V;" 30 to 36V) 


':'Vo 
Load 
10= 20 mA to 2A 
160 
180 
200 
250 
mV 
regulation 


Id 
Quiescent 


current 
8 
8 
8 
8 
mA 


Llld 
Quiescent 
10= 20 mA 
to lA 
0.5 
0.5 
0.5 
0.5 
current 


change 
10= 20 mA 
1 
1 
1 
1 
mA 


IV;" 
14.5 to 30VI 
IV;" 
17.5 to 30V) 
(V," 
22 to 33V) 
(Vi" 
28 to 38V) 


.~VO 
Output 
10= 5mA 


vol tage 
T ambo 0 to 7(J'C 
-1 
-1 
-1 
-1.5 
mVioC 
LIT 
drift 


eN 
Output 
B= 10Hz to 100KHz 
75 
90 
110 
170 
~V 
nOise 


voltage 


SVR 
Supply 
f ~ 120 Hz 
53 
52 
49 
48 
dB 


voltage 
rejection 


V, 
Operating 
10 
"- 1.5A 
15 
18 
21 
27 
V 
Input 


voltage 


Ro 
Output 
f = 1 KHz 
18 
19 
22 
23 
mH 
resIstance 


Isc 
Short 


circuit 
Vi" 
27V 
500 
500 
500 
500 
mA 


current 


Iscp 
Short 
eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 
current 


L78S00 
Series 


ELECTRICAL 
CHARACTERISTICS 
L78S00C(Refer 
to the test circuits, Tj= 25°C, 10= 500mA 
unless otherwise specified) 


OUTPUT 
VOLTAGE 
5 
7.5 
9 
10 


INPUT 
VOLTAGE 
10 
12.5 
14 
15 
Unit 
(Unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
4.8 
5 
5.2 
7.15 
7.5 
7.9 
8.65 
9 
9.35 
9.5 
10 
10.5 


voltage 


I 


V 


10= lA 
4.75 
5 
5.25 
7.1 
7.5 
7.95 
8.6 
9 
9.4 
9.4 
10 
10.6 


(V,= 7V) 
IVi= 9.5V) 
IVi= l1V) 
(Vi= 12.5V) 


tWo 
Line 
100 
120 
130 
200 


regulation 
(Vi= 7 to 25V) 
(Vi= 9.5 to 25V) 
(Vi= 11 to 25VI 
(Vi= 12.5 to 30V) 
mV 


50 
60 
65 
100 


(Vi= 8 to 12V) 
IVi= 10.5 to 20V) 
(Vi= 11 to 20V) 
(Vi= 14 to 22V) 


",vo 
Load 
10= 20 mA to 
2A 
100 
140 
170 
240 
mV 


regulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 


current 


IIld 
Quiescent 
10= 20 mA to lA 
0.5· 
0.5 
0.5 
0.5 


current 
mA 
change 
10= 20 mA 
1.3 
1.3 
1.3 
1.0 


IVi= 7 to 25V) 
IV, = 9.5 to 25VI 
(V, = 11 to 25V) 
(Vi= 12.5 to 30V) 


",v ° 
Output 
10= 5 mA 


liT 
voltage 
Tamb= 
0 to 7Cf'C 
-1.1 
-0.8 
-1 
-1 
mvrc 


drift 


eN 
Output 
B= 10Hz to 100KHz 
40 
52 
60 
65 
JiV 


noise 


voltage 


SVR 
Supply 
f = 120 Hz 
54 
48 
47 
47 
dB 


voltage 
rejection 


Vi 
Operating 
10" 
1.5A 
8 
10.5 
12 
13 
V 


input 
voltage 


Ro 
Output 
f = 1 KHz 
17 
16 
17 
17 
mil 


resistance 


Isc 
Short 
mA 


circuit 
Vi = 27V 
500 
500 
500 
500 


current 


Is"" 
Short eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 


L78S00 
Series 


OUTPUT 
VOLTAGE 
12 
15 
18 
24 
I 


INPUT 
VOLTAGE 
19 
23 
26 
33 
Unit 


I 


(Unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vo 
Output 
11.5 
12 
12.5 
144 
15 
15.6 
17.1 
18 
18.9 
23 
24 
25 


voltage 
V 


I 


10= 1A 
11.4 
12 
12.6 
1425 
15 
15.75 
17 
18 
19 
22.8 
24 
25.2 


IVi= 
14.5VI 
IVi= 17.5VI 
IV, 
20.5VI 
IV,= 27VI 


{''vo 
Line 
240 
300 
360 
480 


I 
regulation 
IV, 
14.5 to 30VI 
IV, 
17.5 to 30VI 
IVi= 20.5 to 30VI 
IV,= 27 to 38VI 
mV 


120 
150 
180 
240 


I 
IVi= 
16to22VI 
IV,= 20 to 26VI 
IV,= 22 to 28VI 
IV,= 30 to 36VI 


t'vo 
Load 
10= 20 mA 
to 2A 
240 
300 
360 
480 
mV 
regulation 


Id 
Quiescent 
8 
8 
8 
8 
mA 


current 


IIld 
Quiescent 
10"'" 20 mA to 1A 
0.5 
0.5 
0.5 
0.5 


current 
mA 
change 
10= 20 mA 
1.0 
1.0 
1.0 
1.0 


(Vi 
14.510 30VI 
('II 
17.5 to 30V 
(VI 
- 20.5 to 30VI 
IV, 
2710 38VI 


IIVo 
Output 
10= SmA 
-1 
-1 
-1 
-1.5 
mV/ C 


LIT 
voltage 
Tamb= 
0 to 70e 
drift 


eN 
Output 
B= 10Hz to 100KHz 
75 
90 
110 
170 
"V 


noise 


voltage 


SVR 
Supply 
f = 120 Hz 
47 
46 
43 
42 
dB 
voltage 


rejection 


Vi 
Operating 
10"';;;1.5A 
15 
18 
21 
27 
V 


input 


voltage 


Ro 
Output 
f = 1 KHz 
18 
19 
22 
.28 
m!Z 


resistance 


t-· 


Isc 
Short 


Circuit 
Vi = 27V 
500 
500 
500 
500 
mA 


current 


Iscp 
Short eire. 


peak 
3.5 
3.5 
3.5 
3.5 
A 


current 
---.L 


L78S00 
Series 


Fi~. 4 - Dropout 
voltage 
vs. 


junction 
temperature 
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Fig. 
7 - Output 
voltage 
vs. 


junction 
temperature 
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Fig. 
10 


response 
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oew."", 
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I-- 
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Fig. 5 - Peak output 
current 
vs. input/output 
differential 
voltage 
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Fig. 
8 - Output 
impedance 


vs. frequency 


Fig. 
11 


response 


) 
I I 
I 
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INPUT 
IIOLTAGE 
L78S05 


~ 
.- 


~~~~YlX.TAGE 
- 


1o~500mA 
"'I'I 


Fig. 
6 
Supplv 
volta~e 


rejection 
vs. frequency 
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Fig. 
9 
- 
Quiescent 
current 


vs. junction 
temperature 


Fi~. 12 - Qu iescent 
current 
vs. input 
voltage 
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L78S00 
Series 


Notes: 
(1) To specify an output voltage, substitute voltage 
value for "XX". 
(2) Although no output capacitor is needed for sta- 
bility, 
it does improve transient response. 
. 


(3) Required if regulator is located an appreciable 
distance from power supply filter. 


~ 
O.33pF 
L 


L78S00 
Series 


Fig. 19 - 
High 
output 
current 
with 
short 
circuit protection 


JII 


(.) D 1 and 
D2 are necessary 
if the 
load is connected 
between 
+ V 0 and - V0 


Fig. 28 - 
Reducing 
power 
dissipation 
with 


droppinq resistor 


R 
VINl~l 
Vo 
. ..,) 
{ .. ~.~ 


- 
) 
I] 
J..'o n 
R 


QJJ of 
d 0.1 IJ:;- 1 L 


.t. 
''') 


R = ~min) 
- 
Vxx 
- 
VOROP(m,x) 


lo(m,x) + Id(m,x) 


L78S00 
Series 


Fig. 30 - 
Power 
AM 
modulator 
oscillator 
(unity 
voltage 
gain, 
10 
.;;; 1.5A) 
Fig. 31 - 
Adjustable 
output 
voltage 
with tem· 


perature 
compensation 


Note: 
Q2 
is connected 
as a diode 
in order 
to 
compensate 
the 
variation 
of 
the 
Q1 
VBE 
with 
the 
temperature. 
C allows 
a 
slow rise-time 
of the V0 
R2 
Vo= Vxx 
11+ --I 
+ VBE 


R1 


Fig. 33 - 
Protection 
against 
input 
short-cir· 
cuit 
with 
high 
capacitance 
loads 


Applications 
with 
high 
capacitance 
loads 
and 
an 
output 
voltage 
greater 
than 
6 volts need an external 
aiode 
(see 
fig. 
33) 
to 
protect 
the 
device 
against 
input 
short 
circuit. 
In this 
case 
the 
input 
voltage 


falls 
rapidly 
while 
the 
output 
voltage 
decreases 


showly. 
The 
capacitance 
discharges 
by means 
of the 
Base-Emitter 
junction 
of the 
series 
pass 
transistor 
in the 
regulator. 
If the 
energy 
is sufficiently 
high, 


the 
transistor 
may 
be destroyed. 
The external 
diode 
by-passes 
the current 
from 
the 
Ie to qround. 


LS025 
LINEAR 
INTEGRATED 
CIRCUIT 


• 
SINGLE 
OR DUAL 
SUPPLY 
OPERATION 
• 
LOW POWER 
CONSUMPTION 
• 
LOW CARRIER 
LEAKAGE 
• 
LOW DISTORTION 
• 
LOW NOISE 


The 
LS025 
is a low noise 
linear 
integrated 
circuit, 
intended 
for use as a channel 
modulator 
and demodu- 
lator 
in FDM telephone 
equipments 
and as analogue 
AC and 
DC multiplier 
in industrial 
and professional 
applications. 
It features 
low quiescent 
power 
consumption, 
low distortion 
and intermodulation. 
It shows 


a typical 
carrier 
leakage 
better 
than 
85 dB throughtout 
the 
audio 
bandwidth. 
The 
LS025 
is available 
in 


TO-l00 
metal 
case, 
while 
the 
hermetic 
gold 
chip 
(8000 
series) 
is available 
in SO-14 
(14-lead 
plastic 
micropackage). 
This 
last version 
is particularly 
suitable 
for 
professional 
and 
telecom 
applications 
wher- 


ever very high MTBF are required. 


Supply 
voltage 
Differential 
input 
voltage 
Operating 
temperature 
Power 
dissipation 
at Tamb= 
70°C 
Storage 
temperature 


30 V 
±5V 
-25 
to 85°C 


520 
mW 
400 
mW 
-65 to 150°C 
-55 to 150°C 


LS025 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 


(top views) 


OUTPUT 
NU..lIP\.IER 
.'. 
,NP." 
"' 
CARRIER 
• 
} 
SICWol 
OR 
INPUTS 
OUTPUT 
MULTIPliER 
A£fERENCE 
, 
INPUTS 


Nl.A.TIPLlE.R 
.'. 
Ne 


INPUTS 
(X 
AXIS) 
INPUT 
9 
.'. 
61••.5 
I"'""' 
OA 


(UN) 
Jo4UlllPllER 
INPUTS 


Type 
TO-100 
50-14 


LS 025 
LS 025T 
LS025M 


LS 8025 
LS8025M 


SCHEMATIC 
DIAGRAM 
(The 
pin 
numbers 
refer 
to the 
I" package 
version, 
while 
the 
numbers 
in 
brackets 
refer to the TO-l 
00 version) 


LS025 


ELECTRICAL 
CHARACTERISTICS 
(Referred 
to 
the 
circuit 
of 
fig. 
1; 
Tamb= 
25°C 
unless 
otherwise 
specified. 
The pins correspond 
to the I'package 
version) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage range 
-12 
-30 
V 


Is 
Supply current 
2 
2.5 
mA 


Ib 
Input bias current 
Pins 14-1 
0.7 
2 
I'A 


Pins 14-2 
0.7 
2 
I'A 


Pins 
8-9 
1.4 
4 
I'A 


I'll 
Input offset current 
Pins 14-1 
50 
nA 


Pins 14-2 
70 
nA 


Pins 
8-9 
100 
nA 


Positive input common mode 
4.5 
V 
voltage 


Negative input common mode 
-8 
V 
voltage 


Va 
DC output voltage (pin 12) 
-3.2 
-3.8 
-4.6 
V 


. 


6'va 
Differential 
output voltage 
25 
100 
mV 
(pins 11-12) 


Vref 
Input biasing reference voltage 
-7.5 
V 
(pin 6) . 


Ri 
I nput resistance 
Pins 14-1 
30 
kn 


Pins 14-2 
300 
kn 


Pins 
8-9 
150 
kn 


Ra 
Output 
resistance 
f ~ 1 kHz 
3 
10 
n 


Vo 
Output voltage swing 
1 
1.3 
Vpp 


CMR 
Common mode rejection 
CM signal (pins 14-1) 
V = 700 mVrms f1= 10 kHz 
Diff. signal (pins 8-9) 
98 
dB 


V = 350 mVrms f2~ 40 kHz 


CM signal (pins 14-2) 
V = 700 mVrms fl~ 
10 kHz 
86 
dB 
Diff. signal (pins 8-9) 
V = 350 mVrms f2~ 40 kHz 


CM signal (pins 8-9) 
V = 350 mVrms f1= 10 kHz 
80 
dB 
Difl. signal (pins 14-1) 
V = 175 mVrms f2= 40 kHz 


SVR 
Positive supply voltage 
33 
dB 
rejection 
f = 1 kHz 
SVR 
Negative supply voltage 
80 
dB 
rejection 


LS025 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


K 
Scalefactor 
3.2 
V-I 


Gc 
Conversion 
gain 
4.5 
5 
5.5 
dB 


LlGc 
Conversion 
gain 
change 
Tamb~ 10 to 50"C 
± 0.1 
dB 


Carrier leakage 
Vm=O 
-35 
-50 
dBv 


Vfm 
Modulating signal leakage 
-35 
-50 
dBmo 
V(fc±fml 


V(2fml 
2nd harmonic modulating 
-75 
dBmo 
V(fc±fml 
signal leakage 


V (fc±2fml 
2nd harmonic distortion 
-60 
-75 
dBmo 
V(fc±fml 


V2(fc±fml 
2nd harmonic distortion 
-55 
-80 
dHmo 
V(fc±fml 


V (fc±3fml 
3rd harmonic distortion 
-60 
-79 
dBmo 
V (fc±f ml 


Low frequency thermal noise 
Vm=O 
f = 1 kHz 
B = 100 Hz 
-115 
-125 
dBv 


High frequency thermal noise 
Vm=O 
f = 30 kHz 
B ~ 100 Hz 
-127 
dBv 


Vs = -20V 
fc = 130 kHz 
fm=25kHz 
Vo=-15dBv(fc±fml 
Vc= -13dBv 


RL= 600 n 


LS025 


Fig. 
2 - Carrier 
leakage 
vs. 
modulation 
signal 
input 
offset 
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Fig. 
3 - Conversion 
gain vs. 
frequency 
Fig. 
4 - Distortion 
vs. out· 


put level 
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Fig. 
5 - Carrier 
leakage 
adjustment 
circuit 
for 
system 
with 
two supply 
voltages 


.IOV 
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Cl 
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Fig. 
6 - Carrier 
leakage 
vs. 


frequency 


LS025 


0-5Mfi 


51kn 


Application 
diagram 
of DC multiplier, 
have a scale 
factor 
K = 0.1. 
Typical 
linearity 
and leakage 
errors 
are less than 
1%. 
The input 
voltage 
range 
is ± 1OV. 


Definition 
of units 


dBm' 
: power 
level (10 Ig~) 
is expressed 
in dBm when 
PI is 1 mW, therefore 
0 dBm= 
1 mW. 
PI 


dBmo 
: the 
power 
is expressed 
in dBmo 
when 
referred 
to 
an 
established 
power 
level 
in the 
circuit, 
generally 
the output 
signal level. 


e.g.: 
if the 
output 
level is -15 
dBm 
and 
this 
level is chosen 
as reference, 
then 
0 dBmo 
= -15 
dBm; 
if another 
signal, 
i.e. the 
distortion 
measured 
at the 
same 
point 
of the 
circuit, 
is 


-90 dBm, 
then 
the distortion 
is -75 dBmo. 


V 


: 20 
19 V: 
when 
V I = 775 
mVrms. 


G 
VCM 
Vo 


Vo 


Vx 
• Vy 


Vx 
voltage 
input 
(pins 
14 - 2) 
Vy 
= 
voltage 
input 
(pins 8 - 9) 


= 20 19 VCM 
G 
Vo 


Conversion 
gain with 
specified 
circuit 
conditions 
Common 
mode 
signal level 
Output 
signal level at frequency 
= 
f 2 ± f I 


Common 
mode 
rejection: 
CM R 


ratio 


LS025 


Vo{fc±fm} 
Conversion 
gain 
: Gc = 20 Ig ------Vj(fm) 


Carrier 
leakage 
: is defined 
as the 
output 
voltage 
at 
carrier 
frequency 
with 
only 
the 
carrier 


applied 
to the 
input 
(modulating 
voltage = 0) 


Modulating 
signal 
leakage: 
is defined 
as the 
output 
voltage, 
at modulating 
frequency, 
referred 
to funda- 
mental 
carrier 
sidebands 


Vo 
(fm) 
M.S.L. = 20lg 
(f 
f) 
Vo 
c ± 
m 


E 
2 
.i- 
.i- 


u•. 
_u 
0. 
'""50. 
"5 
0 


carrier 
fundamental 
(leakage) 
mod. 
sig. (leakage) 
harmonic 
modulating 
signal 
(leakage) 
fundamental 
carrier 
sidebands 
fundamental 
carrier 
sideband 
harmonics 
carrier 
harmonic 
sidebands 


LS045 
LINEAR 
INTEGRATED 
CIRCUIT 


The LS 045 is a monolithic 
integrated circuit 
intended for use as channel amplifier 
in FDM and peM 
telephone 
equipment. 
It features low quiescent power consumption, 
low distortion, 
high gain. The 
LS 045 is available in TO-99 metal case, while the hermetic gold chip (8000 series) is available in SO-8 
(8-lead plastic micropackage). This last version is particularly 
suitable for professional and telecom appli- 
cations wherever very high MTTF are required. 


Supply voltage 
Input voItage 
Differential 
input voltage 
Operating temperature 
Output short circuit duration 
(2) 
Power dissipation at Tamb= 700e 
Storage temperature 


± 18 V 
± 12 V 
± 30 V 
-25 to 85 °e 
indefinite 
520 mW 
-65 to 150 °e 
400 mW 
-55 to 150 °e 


(1) 
For supply 
voltages 
less than 
± 12V, 
input 
voltage 
is equal 
to supply 
voltage. 
(2) 
The short 
circuit 
duration 
is limited 
by thermal 
dissipation. 
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En 
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LS045 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 
(top 
views) 


"r~r 


OFFSET NULL 
I 
8 
C().itF'ENSATION 


INVERTING 
INPUT 
2 
7 
•. VS 


NON INVERTING INPUT 
3 
6 
OUTPUT 


-Vs 
'- 
5 
OFFSET 
f'lJLl 


5_20"9 


Type 
TO-99 
50-8 


LS 045 
LS 045T 
LS045M 


LS 8045 
LS 8045M 


LS045 


ELECTRICAL 
CHARACTERISTICS 
(Vs= -20V, 
Vbal= -10V, 
Tamb= 
25°C 
unless 
otherwise 
specified. 
For V bal see fig. 7) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vos 
Input offset voltage 
Rg= 10 kn 
± 1.5 
± 10 
mV 


Ib 
Input 
bias current 
100 
750 
nA 


Rj 
Input resistance 
2 
Mn 
Open loop 
Ro 
Output 
resistance 
75 
n 


Gv 
Open loop voltage gain 
RL ~ 2 k.Q 
f = 10 Hz 
83 
105 
dB 


d 
Distortion 
f = 1 kHz 
Gv= 40 dB 
ZLeq= 470n 
Po= -5 dBm 
0.15 
0.3 
% 
Po= 8 dBm 
0.15 
0.3 
% 


Ptot 
Quiescent power dissipation 
Po= 0 
20 
30 
mW 


Po 
Maximum 
output 
power 
d = 1% 
ZLeq= 470n 
Gv= 40dB 
14 
16 
dBm 


Pn 
Noise power referred to input 
Rg" 
1.5 kn 
f = 1 kHz 
Gv~ 40dB 
B = 100 Hz 
-120.5 
dBm 


SVR 
Supply voltage rejection referred 
f = 1 kHz 
Gv= 40 dB 
30 
36 
dB 
to output 


Vos 
Input offset voltage 
Rg= 10 kn 
± 15 
mV 


Ib 
Input 
bias current 
1.5 
IlA 


Gv 
Open loop voltage gain 
RL= 2 kn 
78 
dB 


Fig. 
1 
- 
Quiescent 
power 
dissipation 
VS. ambient 
tem· 
perature 


Fig.2 
-Quiescent 
power 
dis- 
sipation 
vs. 
supply 
voltage 


- 


/ 
V 


.......- 


•...... 


I 
I 


Fig. 
3 - Voltage 
gain 
(open 
loop) 
vs. frequency 


LS045 


Fig. 
4 
- 
Maximum 
output 
power 
vs. load resistance 
Fig. 
5 - Distortion 
vs. out- 
put 
power 


~"F 
,on 


Fig. 
6 - Transient 
response 


(unity 
gain) 
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Fig. 
8 - Return 
loss vs. fre- 


quency 
Fig.9 
- Return 
loss vs. volt- 
age gain 
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LINEAR 
INTEGRATED 
CIRCUITS 


LS101 
LS201 
LS301 


HIGH 
PERFORMANCE 
OPERATIONAL 
AMPLIFIERS 


• 
GUARANTED 
DRIFT CHARACTERISTICS 
• 
SLEW RATE OF lOV/l's 
AS A SUMMING 
AMPLIFIER 
• 
UNITY 
GAIN PHASE COMPENSATION 
WITH A SINGLE 30 pF CAPACITOR 
• 
3 mV MAX OFFSET VOLTAGE 
OVER TEMPERATURE 
RANGE 
• 
100 nA MAX INPUT BIAS CURRENT 
OVER TEMPERATURE 
RANGE 


The 
LS 101 series consists of high performance 
operational 
amplifiers, 
intended 
for 
a wide range of 
analog applications, 
where tailoring 
of frequency 
characteristics 
is desirable. The LS 101 series is short 
circuit 
protected 
and has the same pin configuration 
as the LS 141 and LS 148. Absence of latch-up 
and high common 
mode voltage range make the LS 101 series ideal for use as voltage followers. 
In ad- 
dition, 
the LS 101 series provides better accuracy and lower noise in high impedance circuitry: 
the low 
input current 
also makes it particularly 
well suited for long interval integrators, timers, sample and hold 
circuits 
and low frequency 
generators. The LS 101 series is also available with hermetic gold chip (8000 
series). particularly 
suitable for 
professional 
and telecom 
applications, 
wherever very high MTBF are 
required. 


Supply voltage for LS 101/101A/201/201A 
for LS 301A 
Input voltage 
Differential 
input voltage 
Operating temperature 
for LS 101/LS 101A 
for LS 201A 
for LS 201/LS 301A 
Output 
short circuit 
duration 
(2) 
Power dissipation at Tamb= 70°C 
Storage temperature 
520 mW 
-65 to 150 cC 


± 22 V 
± 18 V 
± 15 V 
± 30 V 
-55 to 125°C 
-25 to 85°C 
o to 70°C 
indefinite 
I 
665 mW 
I 
400 mW 
-55 to 150°C 
-55 to 150 °C 
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LS101 
LS201 
LS301 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 
(top views) 


IFRED<UNCYCCM'Ej'ooo, 


BALANCE 
1 
8 
COMPo 


:~~TI.NG 
2 
, 
• \Is 


NON 
I~. 
3 
6 
OUTPUT 
INPUT. 
-..•• 
s 
4 
5 
BALAN(( 


S_l61' 


BALANCE 


INVERtING 
INPUl_ 
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Type 
TO-99 
Minidip 
. 
50-8 


LS 101 
LS 10lT 
.~ 
- 
- 


LS 101A 
LS 101AT 
- 
- 
LS 201 
LS 20lT 
LS 201 B 
LS 201M 
LS 201A 
LS 201AT 
- 
- 


LS 301A 
LS 301AT 
LS 301AB 
LS 301AM 
LS 8101 
- 
- 
LS 8101M 
LS8101A 
- 
- 
LS 8101AM 
LS 8201 
- 
- 
LS 8201M 
LS8201A 
- 
- 
LS 8201AM 


LS 8301A 
- 
- 
LS 8301AM 
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I 


R'n 
~kny 


LS101 
LS201 
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LS 101 
LS 201 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vas 
Input offset 
Rg<;10kn. 
6 
10 
mV 
voltage 
Rg<;10kn. 
Tamb= 25°C 
1 
5 
2 
7.5 
mV 


t;Vos 
Average temperat. 
Rg<;10kn. 
6 
10 
/Iovrc 
t;T coefficient of input 
Rg <; 50 kn. 
3 
6 
/Iovrc 


offset voltage 


los 
Input offset current 
Tamb= 25°C 
40 
200 
100 
500 
nA 
Tamb= 
Tmax 
10 
200 
50 
400 
nA 


Tamb= T min 
100 
500 
150 
750 
nA 


- 


Ib 
Input bias current 
1.5 
2 
/loA 
Tamb~ 25°C 
0.12 
0.5 
0.25 
1.5 
/loA 


Rj 
Input resistance 
Tamb= 25°C 
0.3 
0.8 
0.1 
0.4 
Mn. 


Vi 
Input voltage range 
Vs=±15V 
± 12 
± 12 
V 


Gv 
Large signal 
Vs = ±15V 
Va=±10V 
voltage gain 
RL>2kn. 
88 
83 
dB 
Vs 
±15V 
Va-±10V 
RL> 
2 kn. 
Tamb= 25°C 
94 
104 
86 
103 
dB 


CMR 
Common 
mode 
Rg<;10kn. 
70 
90 
65 
90 
dB 


rejection 


SVR 
Supply voltage 
Rg<;10kn. 
70 
90 
70 
90 
dB 
rejection 


Va 
Output voltage 
Vs ~ ± 15V 


swing 
RL=10kn. 
± 12 
± 14 
± 12 
± 14 
V 
RL= 
2kn. 
± 10 
± 13 
± 10 
± 13 
V 


's 
Supply current 
Vs ± 20V 
1.8 
3 
1.8 
3 
mA 


* 
These specifications, unless otherwise specified, apply for C1= 30 pF. Vs= ±5 to ±20V and Tamb= -55 to 125°C 
(LS 101/LS 101A), 
Tamb= -25 
to 85°C 
(LS 201A) and Tamb= 0 to 70°C 
(LS 201); Vs= ±5 to ±15V and 


Tamb~ 0 to 70°C (LS301A). 


LS101 
LS201 
LS301 


LS 101A/LS 201A 
LS 301A 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vas 
Input offset 
Rg <; 50 kS1 
3 
10 
mV 
voltage 
Rg <; 50 kS1 Tamb~ 25°C 
0.7 
2 
2 
7.5 
mV 


!',Vos 
Average temperat. 
Rg <;; 50 kS1 
3 
15 
6 
30 
!'VloC 


!',T 
coefficient of input 
offset voltage 


los 
Input offset current 
Tamb= 25°C 
20 
70 
nA 
1.5 
10 
3 
50 
nA 


!',Ios 
Average temperat. 
Tamb= 25°C to T max 
0.01 
0.1 
0.01 
0.3 
nA/oC 
6T 
coefficient of input 
Tamb= Tmin to 25°C 
0.02 
0.2 
0.02 
0.6 
nArC 
offset current 


Ib 
Input bias current 
0.1 
0.3 
!,A 
Tamb= 25°C 
30 
75 
70 
250 
nA 


Ri 
Input resistance 
Tamb~ 25°C 
1.5 
4 
0.5 
2 
MS1 


Vi 
Input voltage range 
Vs = ±20V 
± 15 
V 
Vs=±15V 
±12 
V 


Gv 
Large signal 
Vs= ±15V 
Vo~±10V 
voltage gain 
RL;;' 
2 kS1 
88 
83 
dB 
Vs- 
±15V 
Vo-±10V 
RL;;' 
2 kS1 
Tamb= 25°C 
94 
104 
86 
104 
dB 


CMR 
Common mode 
Rg <; 50 kS1 
80 
96 
70 
90 
dB 
rejection 


SVR 
Supply voltage 
Rg <; 50 kS1 
80 
96 
70 
96 
dB 
rejection 


Vo 
Output voltage 
Vs = ±15V 


swing 
RL= 10 kS1 
± 12 
± 14 
± 12 
± 14 
V 
RL= 
2kS1 
± 10 
± 13 
± 10 
± 13 
V 


Is 
Supply current 
Vs= ±20V 
Tamb= T max 
1.2 
2.5 
!,A 
Tamb 
25 C 
Vs = ±20V 
1.8 
3 
mA 
Vs=±15V 
1.8 
3 
mA 


* 
These specifications, unless otherwise specified, apply for C1~ 30 pF, Vs= ±5 to ±.'WV and Tamb= -55 to 125°C 
(LS 101/LS 
101A), 
Tamb= -25 
to 85°C 
(LS 201A) and Tamb= 0 to 70 o~ (LS 201); Vs= ±5 to ±15V and 
Tamb= 0 to 70°C 
(LS 301A). 


LS101 
LS201 
LS301 


Fig. 1 - Inp'Jt 
voltage 
range 
vs. supply 
voltage 
Fig.2 
- Output 
voltage 
swing 
vs. supply 
voltage 


Fig. 5 - Output 
voltage 
swing 
vs. supply 
voltage 
Fig. 4 - Input 
voltage 
range 
vs. supply 
voltage 


Fig. 8 - Output 
voltage 
swing 
vs. supply 
voltage 
Fig. 7 - Input 
voltage 
range 
vs. supply 
voltage 


Fig. 3 -- Voltage 
!lain vs. sup- 


ply voltage 


Fig. 6 - Voltage 
!lain vs. sup- 


ply voltage 


Fig. 9 - Voltage 
gain vs. sup- 
ply voltage 
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LS301 


Fig. 
10 - Input 
bias current 
vs. ambient 
temperature 
(for 
LS 101 A/201 A/301 A) 
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Fig. 
13 
- 
Input 
offset 
cur- 
rent 
vs. 
ambient 
tempera- 


ture 
(for 
LS 101/201) 
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Fig. 
16 
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Output 
voltage 


swing 
vs. 
output 
current 
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Fig. 11 -Input 
offset 
current 
vs. ambient 
temperature 
(for 
LS 101 A/201 A/301 A) 
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Fig. 
12 - Input 
bias current 
vs. ambient 
temperature 
(for 
LS 101/201) 
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Fig. 
14 - Supply 
current 
vs. 


supply 
voltage 
Fig. 
15 
- 
Voltage 
~ain 
vs. 
supply 
voltage 


Fig. 
18 
- 
Input 
noise 
cur- 
rent vs. frequency 
'N 
(~) 


Fig. 17 - Input 
noise voltage 
vs. frequency 
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Fig. 
20 
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Open 
loop 
fre- 
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response 


Fig. 
23 
- 
Open 
loop 
fre- 


Quency 
response 
~ 
~ 


'dOl 


'" 


20 
TWO 
POLE 


COMPENSATION 


FEEO 
FORWARD 
Fig. 25 


(2 
= nr:oRl 


to 
:JMHz 


Fig. 
26 - Open 
loop 
fre- 
quency 
response 
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Fig. 
21 
- 
Large 
signal 
fre- 
quency 
response 


Fig. 
24 
- 
Large 
signal 
fre- 


Quency 
response 


Fig. 
27 
- 
Large 
signal 
fre- 
quency 
response 


LS101 
LS201 
LS301 


Fig. 28 - Single pole com- 
pensation pulse response 
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Fig. 29 - 
Two 
pole com- 
pensation pulse response 


Fig. 31 - 
Inverting amplifier with balancing 
circuit 
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30 
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Fig. 32 - Integrator with bias current compen- 
sation 


Fig. 33 - Standard 
compensation 
and offset 
balancing circuit 


O~~Mn 
¢---o-vs 


50kn 


*AdJust 
for z.ro 
mt"gralor 
drift. 
Currpnl 
drift 
typICally 


O.lnAl·C 
OYH -55"'( 
to 125"C 


t.mperalure 
rang. 


Fig. 34 - Compensation 
for stray input capaci- 


tances or large feedback resistor 
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Fig. 35 - 
Protecting 
against gross fault con- 


ditions 
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LS107 
LS207 
LS307 
LINEAR 
INTEGRATED 
CIRCUITS 


FREQUENCY 
COMPENSATED 
OPERATIONAL 
AMPLIFIERS 


• 
LOW OFFSET CURRENT 
AND VOLTAGE 
• 
LOW INPUT CURRENT 
• 
GUARANTEED 
DRIFT CHARACTERISTICS 


The LS 107 series consists of general purpose operational 
amplifiers, 
with the frequency compensation 
built into the chip. They replace pin-to-pin 
the LS 709, LS 101, LS 141 and LS 148. 


The LS 107 series offers features similar to the LS lOlA, 
providing 
better accuracy and lower noise in 
high impedance circuits. 
The low input currents allow the device to be used in slow charge applications, 


such as long interval integrators, slow ramps, sample and hold circuits. 
The LS 107 series is available with hermetic gold chip (8000 series), particularly 
suitable for professional 
and telecom applications, wherever very high MTBF are required. 


ABSOLUTE 
MAXIMUM 
RATINGS 
TO-99 
Minidip 
Mpackage 


Vs 
Supply voltage 
for LS 107 and LS 207 
± 22V 
for LS 307 
±18V 
Vi (1) 
Input voltage 
± 15V 
!:;Vi 
Differential 
input voltage 
± 30V 
Top 
Operating temperature 
for LS 107 
-55 to 125°C 
for LS 207 
-25 to 85°C 
for LS 307 
o to 70°C 
Output short circuit duration 
(2) 
indefinite 
Ptot 
Power dissipation at Tamb= 
70°C 
520 mW 
665 mW 
400 mW 
Tstg 
Storage temperature 
-65 to 150°C 
-55 to 150 °C 
-55 to 150°C 
Lead soldering temperature 
300 °C (10s) 
260°C 
(12s) 
260°C 
(5s) 
215°C 
(lls) 


1) For supply voltages lessthan ±15V, input voltage is equal to the supply voltage 
2) The short circuit duration 
is limited by thermal dissipation 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 
(top views) 
Ne 


Ne O' 
Ne 
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INPUT· 


NON 
IN~ER 
J 
f> 
OUTPUT 
lNPU1. 


~s 
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1 
? 
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NON 
INVER 
J 
6 
OUTPUT 
INPUT. 


.Ys 
4 
5 
N( 


.•a" 


Type 
TO-99 
Minidip 
SO-8 


LS 107 
LS 107T 
- 
- 


LS 207 
LS 207T 
- 
- 


LS 307 
LS 307T 
LS 307B 
LS 307M 


LS 8107 
- 
- 
LS 8107M 
LS 8207 
- 
- 
LS 8207M 
LS 8307 
- 
- 
LS 8307M 


LS107 
LS207 
LS307 


LS 107/LS 207 
LS 307 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vos 
Input offset voltage 
Rg '" 50 klL 
3 
10 
mV 


Rg '" 50 klL 
Tamb= 25°e 
0.7 
2 
2 
7.5 
mV 


t>Vos 
Average tempera· 
3 
15 
6 
30 
Ilv/oe 
~ 
lUre coefficient of 
input offset voltage 


los 
Input offset current 
20 
70 
nA 
Tamb= 25°e 
1.5 
10 
3 
50 
nA 


t>los 
Average tempera- 
Tamb= 25°e to Tmax 
0.01 
0.1 
0.01 
0.3 
nAloe 
----,;;=r- 


ture coefficient of 
Tamb= Tmin to 25°e 
0.02 
0.2 
0.02 
0.6 
nA/oe 


input offset current 


Ib 
Input bias current 
100 
300 
nA 
Tamb= 25°e 
30 
75 
70 
250 
nA 


Rj 
I nput resistance 
Tamb= 25°e 
1.5 
4 
0.5 
2 
Mil. 


Gv 
Large signal voltage 
Vs= ±15V 
Vo=±10V 
gain 
RL •• 2 klL 
88 
84 
dB 
Vs-±15V 
Vo-±10V 
RL •• 2 klL 
Tamb= 25°e 
94 
104 
88 
104 
dB 


Vi 
Input voltage range 
Vs= ±20V 
±15 
V 
Vs~ ±15V 
±12 
V 


Vo 
Output voltage 
Vs=±15V 
RL~ 10 klL 
±12 
±14 
±12 
±14 
V 


swing 
Vs=±15V 
RL= 
2 klL 
±10 
±13 
±10 
±13 
V 


eMR 
Common mode 
Rg'" 
50 klL 
80 
96 
70 
90 
dB 
rejection 


SVR 
Supply voltage 
Rg '" 50 klL 
80 
96 
70 
96 
dB 
rejection 


Is 
Supply current 
Vs= ±20V 
Tamb= 25°e 
1.8 
3 
mA 
Tamb~ 125°e 
1.2 
2.5 
mA 
Vs= ±15V 
Tamb= 25°e 
1.8 
3 
mA 


Note: These specifications. unless otherwise specified. apply for Vs= ± 5V to ± 20V and Tamb= -55 to 125°e for 
LS 107; Vs= ± 5V to ± 20V and Tamb= -25 to 85°e for LS 207; Vs= ± 5V to ± 15V and Tamb= 0 to 700e for 
LS 307. 
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Fig. 1 - 
Supply 
current 
vs. 
Fig. 2- 
Voltage 
gain vs. sup- 
Fig.3 
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current 
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Fig. 4 - 
Current 
limiting 
vs. 


output 
current 
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Fig. 7 - 
Open 
loop 
fre- 


quency 
response 
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Fig. 6 - 
Input 
noise 
current 
vs. frequency 


Fig. 8 - 
Large 
signal 
fre- 
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response 
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Fig. 10- 
Input 
voltage 
range 
vs. 
supply 
voltage 
Fig. 11 - Output 
voltage 
swing vs. supply 
voltage 


Fig. 13 - Input 
voltage 
range 
vs. 
supply 
voltage 


Fig. 14 - Output 
voltage 
swing 
vs. 
supply 


voltage 


Fig. 17 - Non-inverting 
AC 


amplifier 
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Fig. 12 - Voltage 
gain vs. sup- 


ply voltage 


Fig. 15 - Voltage 
gain vs.sup- 


ply voltage 


Fig. 18 - Non-inverting 
am- 
plifier 
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LINEAR 
INTEGRATED 
CIRCUITS 


LS141 
LS141 A 
LS141C 


FREQUENCY 
COMPENSATED 
OPERATIONAL 
AMPLIFIERS 


• 
NO FREQUENCY 
COMPENSATION 
REQUIRED 
• 
SHORT CI RCUIT PROTECTION 
• 
OFFSET VOLTAGE 
NULL CAPABILITY 


• 
LARGE COMMON MODE AND 01 FFERENTIAL 
VOLTAGE 
RANGE 
• 
NO LATCH-UP 
The LS 141 series consists of general purpose operational 
amplifiers, 
intended for a wide range of analog 
applications. 
High common 
mode voltage range and absence of "latch-up" 
tendencies make the LS 141 
series ideal for use as a voltage follower.The 
high gain and wide range of operating voltage provide superior 


performance 
in integrators, 
summing amplifiers, 
and general feedback applications. 
The LS 141 series is 
available with 
hermetic gold chip (8000 series). This is particularly 
suitable for professional and telecom 


applications, 
wherever very high MTBF are required. 


Input voltage 
Differential 
input voltage 
Operating temperature 
for LS 141/LS 141A 
for LS 141C 
Output 
short circuit 
duration(2) 
Power dissipation at Tamb= 70°C 
Storage temperature 
Lead soldering temperature 


.520 mW 
-65 to 150°C 
300°C (10s) 


TO-99 
I 
Minidip 
I 
tlpackage 


± 22V 
±18V 
±15V 
± 30V 
-55 to 125°C 
o to 70°C 
indefinite 
665 mW 
-55 to 150°C 
260°C (12s) 


400 mW 


-55 to 150°C 
260°C 
(5s) 
235°C (11s) 


Supply voltage 
for LS 141/LS 141A 
for LS 141C 


1) For supply voltage lessthan ± 15V, input voltage is equal to the supply voltage 
2) The short circuit 
duration 
is limited 
by thermal dissipation 
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LS141 A 
LS141C 
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Type 
TO-99 
Minidip 
50-8 


LS 
141 
LS 141T 
- 
- 


LS 
141A 
LS 141 AT 
- 
- 


LS 
141C 
LS 141 CT 
LS141CB 
LS 141 CM 


LS 8141 
- 
- 
LS 8141M 


LS 8141A 
- 
- 
LS8141 
AM 


LS 8141C 
- 
- 
LS 8141 CM 


L8141 
L8141A 
L8141C 


LS 141 
LS 141A 
LS 141C 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vos 
Input offset 
Tamb= 25°C 
voltage 
Rg <10kn 
1 
5 
2 
6 
mV 
Rg "50 
n 
0.8 
3 
mV 


Tamb= T min to T max 
Rg" 
10 kn 
6 
7.5 
mV 
Rg " 50 n 
4 
mV 


I; Vos 
Input offset 
voltage adjust. 
Vs~ ± 20V 
±10 
mV 
range 
Vs=±15V 
Tamb= 25°C 
±15 
±15 
mV 


I;Vos 
Average input 
E!- 
-~ 
offset vol tage 
15 
drift 
°C 


los 
Input offset 
Tamb= 25°C 
20 
200 
3 
30 
20 
200 
nA 
current 
Tamb= T min to T max 
85 
500 
70 
300 
nA 


I;los 
Average input 
nA 
~ 
offset current 
0.5 
OC 
drift 


Ib 
Input bias 
Tamb= 25°C 
80 
500 
30 
80 
80 
500 
nA 
current 
T amb= T mln to T max 
1.5 
0.21 
0.8 
IlA 


Ri 
Input resistance 
Tamb= 25°C 
0.3 
2 
1 
6 
0.3 
2 
Mn 


Tamb= T min to T max 
0.5 
Mn 


Vi 
Input voltage 


range 
Tamb= T min to T max 
±12 
±13 
±12 
±13 
±12 
±13 
V 


Gv 
Large signal 
Tamb= 25°C 
RL> 2 kn 
voltage gain 
Vs= ±15V 
Vo=±10V 
94 
106 
94 
86 
106 
dB 


Tamb= 
T min to T max 
RL> 2 kn 
Vs=±15V 
Vo= ±10V 
88 
90 
84 
dB 
Vs= ±5V 
Vo= ±2V 
80 


Vo 
Output voltage 
Vs=±15V 
swing 
RL>10kn 
±12 
±14 
±12 
±14 
±12 
±14 
V 
RL> 
2 kn 
±10 
±13 
±10 
±13 
±10 
±13 
V 


Isc 
Output short 
Tamb= 25°C 
25 
10 
25 
35 
25 
mA 


circuit current 
Tamb= T min to T max 
10 
40 
mA 


CMR 
Common mode 
Vs - ±20V 


rejection 
Rg< 10 kn 
VCM=±12\1 70 
90 
80 
95 
70 
90 
dB 


SVR 
Supply voltage 
Rg<50n 
Vs=±5to±20V 
86 
96 
dB 
rejection 
Rg<10kn 
Vs=±5to±15V 
77 
96 
77 
96 
dB 


LS141 
LS141 A 
LS141C 


LS 141 
LS 141A 
LS 141C 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Transient 
respon. 
Tamb= 25°C 
(unity gain) 
Rise time 
0.3 
0.25 
0.8 
0.3 
/loS 


Overshoot 
5 
6 
20 
5 
% 


B 
Bandwidth 
Tamb= 25°C 
0.437 
1.5 
MHz 


SR 
Slew rate 
Tamb= 25°C 
0.5 
0.3 
0.7 
0.5 
V!/loS 


Is 
Supply current 
Tamb~ 25°C 
1.7 
2.8 
1.7 
2.8 
mA 


Ptot 
Power 
Tamb= 25°C 
consumption 
Vs= ±20V 
80 
150 
mW 
Vs=±15V 
50 
85 
50 
85 
m'W 


Vs= ±20V 
Tamb= T min 
165 
mW 
Tamb= T max 
135 
mW 


Vs~±15V 
Tamb= T min 
60 
100 
mW 
Tamb= T max 
45 
75 
mW 


Note: 
These specifications. unless otherwise specified, apply fOr Vs= ±15V and Tamb= -55 to 125°C for LS 141 and 
LS 141A. For the LS 141C these specifications apply for Tamb= 0 to 70°C 


Fig. 1 - 
Open 
loop 
voltage 
gain vs. supply 
volt- 
age 


Fig. 2 - 
Output 
voltage 
swing 
vs. supply 
voltage 


Fig. 3 - 
Power consumption 
vs. supply 
voltage 


I 
.,- 


L~:~:·V 


LS141C 


/ 


T••.mb:lS"C 


I 


L8141 
L8141A 
L8141C 


Fig. 4 - 
Open 
loop 
voltage 
gain 
vs. 
frequency 


Fig. 7 - 
Input 
resistance 
and 
capacitance 
vs. fre' 


quency 
(for LS 141 


and 
LS 141C) 


Fig. 10- 
Output 
voltage 
swi ng vs. frequency 


Fig. 5 - 
Open 
loop 
phase 


response 
vs. fre· 


quency 


Fig. 8 - 
Output 
resistance 


vs. frequency 


Fig. 11 - Input 
noise 
voltage 


vs. frequency 


Fig.6 
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Input 
offset 
current 
vs. 
supply 
voltage 
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Fig. 9 - 
Output 
voltage 


swing 
vs. 
load 
re- 


sistance 
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Fig. 12 - Input 
noise current 
vs. frequency 
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Fig. 14 - Common 
mode 
re- 
jection 
ratio 
vs. fre- 
quency 
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Fig.16-lnputbiascurrent 
vs. ambient 
tem- 
perature 


Fig. 19 - Output 
short-cir- 
cu it cu rrent 
vs. am- 
bient 
temperat~,m 


Fig. 17 - Input 
resistance 
vs. 
ambient 
tempera- 
ture 


Fig. 20 - Power consumption 
vs. ambient 
tem- 
perature 


Fig. 15 - Voltage 
follower 
large signal pulse 
response 
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Fig. 18 - Input offset 
current 


vs. ambient 
tem- 
perature 


Fig. 21 - Frequency 
charac- 
teristics 
vs. ambient 
temperature 
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Fig. 22 - Input 
bias current 
vs. ambient 
tem- 
perature 


Fig. 25 - Output short circuit 
current vs. ambient 
temperature 
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Fig. 23 - Input resistance vs. 
ambient 
tem- 
perature 
':;;,'- 


Fig. 26 - Power consumption 
vs. ambient 
tem- 
perature 


Fig. 24 - Input offset current 
vs. ambient 
tem- 
perature 


Fig. 27 - Frequency 
charac- 


teristics vs. ambient 
temperature 
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Fig. 32 - Notch 
filter 
using 
the 
LS 141 
as a gyrator 


LINEAR 
INTEGRATED 
CIRCUITS 


LS 148 
LS 148 A 
LS 148C 


OPERATIONAL 
AMPLIFIERS 


• 
SHORT CI RCUIT PROTECTION 
• 
OFFSET VOLTAGE 
NULL CAPABI L1TY 
• 
LARGE COMMON MODE AND 01 FFERENTIAL 
VOLTAGE 
RANGE 
• 
NO LATCH-UP 
• 
SLEW-RATE = 5.5V/lls 
(Gv = 10, Cc = 3.5 pF) 
The LS 148 seriesconsists of general purpose operational amplifiers, intended for a wide range of analog 
applications 
where tailoring 
of frequency characteristics is desirable. High common 
mode voltage range 
and absence of "Latch-up" 
tendencies make the LS 148 series ideal for use as a voltage foliower.The 
high 
gain and wide range of operating voltage provide superior performance 
in integrators, 
summing ampli- 
fiers 
~nd general feedback applications. 
Unity gain frequency compensation 
is achieved by means of a 
single 30 pF capacitor. The LS 148 series is available with 
hermetic gold chip (8000 series). This is par- 
ticularly 
suitable 
for 
professional 
and telecom applications, 
wherever very high MTBF are required. 


ABSOLUTE 
MAXIMUM 
RATINGS 
TO-99 
Minidip 
J-lpackage 


Vs 
Supply voltage 
± 22V 
Vi (1) 
Input voltage 
±15V 
b,vi 
Differential 
input voltage 
± 30V 
Top 
Operating temperature 
for LS 148/LS 148A 
-55 to 125°C 
for LS 148C 
o to 70°C 
Output short circuit duration 
(2) 
indefinite 
Ptot 
Power dissipation at Tamb= 70°C 
520 mW 
665 mW 
400 mW 
Tstg 
Storage temperature 
-65 to 150°C 
-55 to 150 °C 
-55 to 150°C 


1) For supply voltage lessthan ± 15V, input voltage is equal to the supply voltage 
2) The short circuit duration 
is limited by thermal dissipation. 
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LS 148 A 
LS 148C 


CONNECTION 
DIAGRAMS 
AND ORDERING 
NUMBERS 


(top 
views) 


I FREQUiCY 
COMP£NS 


~~~' 
1 
8 
1 


'""'.""G ( 
,"",,- 
\ 


NON I~Rlf<,"J 
5 
QFrS(1 


INPUT. 
"'---~ 
NULL 


-'A 
(C;oU) 


FREQuENC, 
COMP[NSA 
TlON 


-0; 
: 


OHSCI 
fIl •••• l 
8 


NII£R 'NPUT_' 
.• 
• Vs 


N()l'o INvER 
\ 
f 
OutPljT 


INPUT. 
.vs 
_ 
~ 
..•~~':>[ 
1 "Ull 


I~~1 


""00<.£"" 
CONP'!'''''O" I 
OFF'SEI NUlL 
1 
8 


IN'o{:R lrIF'IJI- 
1 
7 
.Vs 


~p~, 
I.NvEA. 
J 
6 
OUTPUT 


-vs 
4 
5 
OfFSET 
NUll 


Type 
TO-99 
Minidip 
SO-8 


LS 148 
LS 148T 
- 
- 


LS 148A 
LS 148 AT 
- 
- 


LS 148C 
LS 148 CT 
lS 
148 CB 
LS 148 CM 


LS 8148 
- 
- 
LS 8148M 


LS 8148A 
- 
- 
LS 8148 AM 


LS 8148C 
- 
- 
LS 8148 CM 


LS 148 
LS 148 A 
LS 148C 


LS 148 
LS 148A 
LS 148C 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. Min. 
Typ. 
Max. 


Vos 
Input offset 
Tamb= 25°C 
voltage 
Rg <;;10 kl1 
1 
5 
2 
6 
mV 


Rg <;;50 kl1 
0.5 
2 
mV 


Tamb= Tmin to T max 
Rg <;;10 kl1 
1 
6 
7.5 
mV 
Rg <;;50 kl1 
0.5 
3 
mV 


tN os 
Input offset 
Tamb= 25°C 
±15 
±25 
±15 
mV 


voltage adjust. 
range 


t.Vos 
Average input 
Rg <;;50 kl1 
2.5 
15 
E':L 
~ 
offset voltage 
°C 


drift 


'os 
Input offset 
Tamb= 25°C 
20 
200 
2 
10 
20 
200 
nA 


current 
Tamb= T min to T max 
50 
500 
25 
300 
nA 


t.los 
Average 
input 


nA 
-;rr- 
offset cu rrent 
0.15 
OC 
drift 


Ib 
Input bias 
Tamb= 25°C 
80 
500 
20 
75 
80 
500 
nA 


current 
Tamb= T min to T max 
1.5 
0.1 
0.8 
/lA 


Ri 
Input resistance 
Tamb= 25°C 
0.3 
2 
2 
10 
0.3 
2 
MI1 


Vi 
Input vol tage 


±12 
±13 
±12 
±13 
±12 
±13 
V 
range 


Gv 
Large signal 
Tamb= 25°C 


voltage gain 
RL;;. 2 kl1 
Vs=±15V 
Vo= ±10V 
94 
104 
94 
108 
86 
104 
dB 
Tamb= T min to T max 
RL;;. 2 kl1 
Vs=±15V 
Vo= ±10V 
88 
88 
84 
dB 


Vo 
Output voltage 
Vs=±15V 


swing 
RL;;. 
10 kl1 
±12 
±14 
±12 
±14 
±12 
±14 
V 
RL ;;. 
2 kl1 
±10 
±13 
±10 
±13 
±10 
±13 
V 


'sc 
Output short 
25 
25 
25 
mA 
circuit current 


CMR 
Common mode 
Rg<;;10kl1 
VCM= ±12V 
70 
90 
80 
95 
70 
90 
dB 


rejection 


SVR 
Supply voltage 
Vs= ±5 to ± 20V 


rejection 
Rg <;;10 kl1 
76 
90 
80 
97 
76 
90 
dB 


SR 
Slew rate 
Tamb= 25°C 
I Gv= 1 
0.5 
0.5 
0.5 
V//lS 


RL;;. 2 kl1 
I Gv= 10· 
5.5 
5.5 
5.5 
V//ls 


LS 148 
LS 148 A 
LS 148C 


LS 148 
LS 148A 
LS 148C 


Parameter 
Test conditions 
Unit 


Min. 
Typ. Max. 
Min. 
Typ. 
Max. Min. 
Typ. 
Max. 


Transient 
respon. 
Tamb= 25°C 
(unity gain) 
Vi= 20 mV 
Cc~ 30 pF 


RL= 2 kn 
CL<;100pF 
Rise time 
0.2 
0.2 
0.2 
JJS 
Overshoot 
5 
5 
5 
% 


Is 
Supply current 
Tamb= 25°C 
1.9 
2.8 
1.9 
2.8 
1.9 
2.8 
mA 


Ps 
Power 
Tamb= 25°C 
consumption 
Vs= ±20V 
60 
85 
mW 
Vs=±15V 
60 
85 
60 
85 
mW 


Vs~±15V 


Tamb= 
T min 
60 
100 
60 
100 
60 
100 
mW 


Tamb= 
Tmax 
45 
75 
40 
75 
mW 


Note: 
These specifications, unless otherwise specified, apply for Vs= ±15V and Tamb= -55 to 125°C for LS 148 and 
LS 148A. For LS 148C these specifications apply for Tamb~ 0 to 70°C lCe= 30 pFI. 


TOLERANCE 
OF 
ALL 
UNMARKED 
-15V 
RESISTORS 
IS l·t. 


V,_IO) 
10.10J 
G" 
~ -- 
• -- 
FOR 
v, 
SPECIFIED 
VO 
Vo 
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Typical performance curves for LS 148 


Fig. 
3 - Input 
bias 
current 
Fig. 4 - 
Input 
resistance 
vs. 
vs. 
ambient 
tem- 
ambient 
tempera- 
perature 
ture 
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Fig. 6 - 
Input 
offset 
current 


VS. 
ambient 
tem- 


perature 
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Fig. 9 - 
Input 
bias 
current 
vs. 
ambient 
tem- 


perature 
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Fig. 7 - Power consumption 
vs. 
ambient 
tem- 


perature 


Fig. 10- 
Input 
resistance 
vs. 
ambient 
tempera- 
ture 
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Fig. 
5 - Output 
short-cir- 
cu it cu rrent 
vs. am- 
bient 
temperatur~ 
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Fig. 8 - Frequency 
charac- 


teristics 
vs. ambient 


temperature 


Fig. 11 - Output 
short-cir- 
cuit 
current 
vs. am- 


bient 
temperatu~em, 
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Fig. 12 - Input 
offset 
cur- 
rent 
vs. 
ambient 
temperature 
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Fig. 13 - Power consumption 
vs_ ambient 
tem- 


perature 
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Fig. 15 - Open 
loop 
voltage 
gain 
vs. 
supply 
voltage 
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Fig. 18 - Output 
voltage 
swing 
vs. 
load 
resistance 
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Fig. 16 - Output 
voltage 
swing 
vs. 
supply 
voltage 


Fig. 19 - Input 
offset 
cur- 
rent 
vs. 
supply 
voltage. 


~ 
•.25·C 
I 
I 
I 
I 
I 
I 
, 


r- 


I 
I 
I 
I 


: 
I 
i 
I 
I 
II 
i 
I 
I 
I 
i 


Fig. 14- Frequency 
charac- 


teristics 
vs. ambient 
temperature 


Fig. 17 - Power 
consumption 
vs. 
supply 
voltage 


Fig. 20 - Input 
common 
mode 
voltage 
range 
vs. 
supply 
voltage 
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Fig. 21 - Input 
noise 
voltage 
vs. frequency 


Fig. 24 -Open 
loop 
fre- 
quency 
and 
phase 
response 
vs. 
fre- 
quency 


Fig. 27 - Compensation 
ca- 
pacitance 
vs. closed 
loop voltage 
gai~._ 


Fig. 22 - Input 
noise current 
vs. frequency 


Fig. 25 - Output 
voltage 
swing vs. frequency 


Fig. 23 - Broadband 
noise 
for 
various 
band- 
widths 


Fig. 28 - Input 
resistance 
and 
input 
capacitance 
vs. 
frequency 
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Fig. 29 - Output 
resistance 
vs. frequency 
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Fig. 30 - Frequency 
charac- 


teristics 
vs. supply 
voltage 


Fig. 31 - Voltage 
follower 
transient 
response 


(unity gain) 


I 


T",mb:25"c 


""- 
RANSIENT 
RESPONSE 


I T't-+-L 


SLEW 
RAT 


:.- 
LOSEO 
LOOP 
BA~lDTH 


I 
I 


Fig. 33 - Voltage 
follower 


large-signal 
pulse 
response 


Fig. 34 - Feed forward 
com- 


pensation 
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Fig. 32 - Transient 
response 


test circuit 


Fig. 35 - Large 
signal 
feed 


forward 
transient 


response 
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LS150 
LINEAR 
INTEGRATED 
CIRCUIT 


The LS150 is a monolithic 
integrated circuit in 14-lead dual in-line ceramic and plastic packages; it per- 
forms signal level expansion 
in an 80-dB range [with an overall accuracy of ± 0.2 dB in a 60 dB range] 


and, when used in the feedback 
path of an operational 
amplifier, 
it performs 
complementary 
signal 
compression. 
The LS150 has been designed to improve audio channel signal-to-noise 
ratio according to 
CCITT recommendations 
which 
require 
an unaffected 
reference 
level of-14 
dBm across 600n. 
The 


device can also be used to reduce crosstalk and may be converted 
into a unity gain amplifier for data 
transmission 
links by means of a simple switch without 
affecting output 
and input impedance levels. 
Another 
possible application 
is as a noise reducer and dynamic range expandor in cassette tape recorders 
and Intercoms. 


Vs 


15-6 
Vi 
Tstg, 
Tj 


Top 


Supply voltage 
Differential current between pins 5 and 6 
Common mode input voltage 
Storage and junction temperature 
Operating temperature 


24 
20 
Vs 


-65 to 150 
-20 to 
85 


ORDERING 
NUMBERS: 
LS150 CD 
(Ceramic package) 
LS150 CB 
(Plastic package) 


~ 


_. 
~-~-i. ~7'1~' 
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030 
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CONNECTION 
DIAGRAM 
(top view) 


FIRST 
MUlT 
14 
BALANCING 
OUTPUT 


EXPANSION 
13 
GND 
INHIBIT 


r 


12 
BALANCING 
LOW 
PASS 
FILTER 
OUTPUT 
4 
11 
FIRST 
MULT 
OUTPUT 


DIFFERENTIAL r 


10 
OUTPUT 


SIGNAL 
INPUT 


6 
9 SUPPLY 
VOLTAGE 
(-'-'s) 


INPUT 
BIASING 
7 [ 
N.c. 


5-2119/1 


PRECISION 
THERMALL 
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LS150. 


ELECTRICAL 
CHARACTERISTICS(Refer 
to 
the test circuit 
of 
fig.1, 
-Vs= 
-12V;Tamb=25°C 


unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Is 
Supply current 
5 
8 
mA 


R7 
Input dynamic biasing resistance 
Lj = -14 dBv 
f = 800 Hz 
60 
90 
n 


(pin 7) 
External 
time constant 
2 R1 • C1 = 20 ms 
Gv 
Gain 
-1 
0 
+1 
dB 


lIGv 
Gain variation 
Tamb~ 5 to 55°C 
±0.2 
dB 


tNs = ± 2% 
±0.03 
dB 


B 
Bandwith (-3 dB) 
500 
KHz 


Ro 
Output 
resistance 
25 
60 
n 


Ri· 
Input resistance (pin 5) 
Lj = -14 dBv 
100 
Kn 
f = 800 Hz 


d 
Distortion 
0.7 
% 


d3 
Two-tone 
th ird order 
fl 
= 900 Hz 
f2=1020Hz 
intermodulation 
VI ~ V2 = 88 mV 
0.5 
% 


eN 
Output noise in psophometric 
-100 
dBm 
band 


t>IGI 
Expansion accuracy after 
L; = -40 to -10 dBv, 
f = 800 Hz 
0.1 
0.2 
dB 
balancing 
Tamb~ 5 to 55°C 
f ~ 800 Hz 
0.2 
0.3 
dB 


loff 
Inhibit current consumption 
0.3 
1 
mA 
(pin 2) 


G 
Amplifier 
gain 
Inhibit ON (pin 2 grounded) 
-1.5 
0 
+1.5 
dB 
f = 800 Hz 


LS150 


(0) 
S closed: 
unity gain amplifier. 


S open 
: expandor. 
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Fig. 
4 
- 
Comparison 
between 
LS150 
per- 
formance 
(curve A) and limits from 
CCITT 
recommendation 
(curve B) - 
Green Book - 
Geneva 1972 - G162. 
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The fig. 7 shows 
the basic configuration 
(with 
relative 
signal levels) of a compandorized 
system. 


It is clear 
the 
action 
against 
the 
line noise: 
the 
system 
using a compressor 
in sending 
and an expandor 
in 
receiving 
can improve 
very much 
the signal-to-noise 
ratio, 
especially 
with 
very high noise 
lines. 


By using the 
LS150 
it is possible 
to built 
both 
the compressor 
and the expandor 
blocks. 


Fig. 7 - Compandorized 
system . 
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APPLICATION 
INFORMATION 
(continued) 


The 
basic 
block 
diagram 
of 
an expandor 
is shown 
in fig. 
8. The 
product 
of the input 
voltage 
Vi and its 


mean 
value 
Vi 
(obtained 
from 
the 
rectifier 
with 
time 
constant 
T) is supplied 
at the output 
of an "ideal" 


multipl 
ier. 


Fig. 8 - Basic expandor 
circuit. 
Multiplier 


X 


Rectifier 


Vi 
'-- 
~ 
f-- 
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The output 
voltage 
Va is proportional 
to the product 
of Vi and Vi : 


Va = 
KVi 
X Vi 


where 
K is a factor 
that 
defines 
a level for 
unity 
gain. 
For a constant 
input 
level, 
Va = K'J;" X 'IJ:= KV;2 


Expressing 
all levels in decibels 
relative 
to a reference 
level: 


Va (dB) = 20 10glo Vi2 = 2 Vi (dB). 


Signals 
with 
an input 
level equal 
to the reference 
level are unaffected 
by the expandor 
while 
higher 
levels 
are raised 
and 
lower 
levels 
attenuated. 
It 
is recommended 
by CCITT, 
and practically 
advantageous, 
that 
the 
unaffected 
level 
be - 14 dBv, 
a voltage 
corresponding 
to -14 dBm 
across 60011. 
A time 
constant 
for 
the average rectifier 
of 20 ms is also recommended, 
giving 
"syllabic" 
operation 
of the compandor. 


r---------- 
, 


I 
I 
I 
I 
I 
I 


I 


: 
Vo 
: 


~ 
-------- 
1 


A compressor 
can easily 
be implemented 
with 
an expandor 
in the 
feedback 
path 
of an operational 
am- 


plifier 
(Fig. 
9). Assuming 
infinite 
gain for 
the amplifier: 


Vi = 
KVa 
X Va 


~ 
K 


In decibels, 
with 
respect 
to the unaffected 
level,· 


Va (dB) = 20 IOg10 (Vi) y, 
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Design Constraints 
There 
are several 
constraints 
on the design 
of a compandor 
to be used 
in telecommunication 
equipment. 


Level: The 
reference 
(or unity 
gain) 
level is -14 
dBv, 
i.e. 155 mV rms. 
For application 
in high-quality 
multiplexer 
transmission 
systems 
between 
exchanges, 
and 
expansion 
accuracy 
better 
than 
0.2 dB in the 
same 
range 
(+40 
to -25 
dBmo) 
considered 
by CCITT 
for all operating 
conditions 
is required. 
These 
par- 
ameters 
had 
to 
be 
compatible 
with 
mass 
production 
manufacturing 
techniques. 
Particularly 
when 
taking 
into 
account 
the 
low signal 
levels, 
this 
requirement 
is very 
demanding. 
It was the main 
target 
in 
designing 
the 
device 
and 
had 
a strong 
influence 
on the 
fabrication 
process, 
circuit 
configurations, 
and 
layout. 


Power Supply: The 
circuit 
has 
to 
operate 
with 
a single 
12V 
negative 
supply, 
unregulated, 
and 
with 
relatively 
high noise. 


Input Impedance: This has to be precisely 
defined 
by an external 
resistor,which 
is the passive 
termination 
of an 
LC filter 
before 
the 
expandor. 
Thus 
the 
input 
impedance 
of the 
IC must 
be very high. 
A differen- 
tial input 
stage 
is preferable 
to reduce 
ground 
loop noise. 


Gain: 
The 
expandor 
(or 
compressor) 
shall 
not 
modify 
the 
level diagram 
of existing 
channel 
modems, 


already 
optimized 
for crosstalk 
and 
noise. 
This means 
that 
the gain at the unaffected 
level shall be 0 dB, 


with 
small spread. 


Inhibition: 
It must 
be possible 
to inhibit 
the operation 
of the compandor 
for testing 
and maintenance 
purpose, 
and to allow the transmission 
of telegraph 
channels. 


Definition 
of units 
P 
dBmo 
power 
level (10 log*) is expressed 
in dBm 
when 
PI 
is 1 mW, therefore 
0 dBm = 1 mW. 


dBm 
the 
power 
is expressed 
in dBmo 
when 
referred 
to an established 
power 
level in the 
circuit, 
generally 
the output 
signal 
level. 


e.g.: 
if the 
output 
level is -15 
dBm 
and this level is chosen 
as reference, 
then 
0 dBmo = -15 
dBm; 
if another 
signal, 
i.e. the 
distortion 
measured 
at the same point 
of the circuit, 
is 
-90 
dBm, 
then 
the distortion 
is -75 dBmo. 


V 
dBv 
20 log + when 
VI = 775 
mVrms. 


_ 1 


LS159 


LINEAR 
INTEGRATED 
CIRCUIT 


The 
LS159 
is an array 
of 5 NPN transistors 
on a common 
monolithic 
substrate 
in an SO-14 
(14-lead 
plastic 
micropackage). 
This 
package 
is easily 
mounted 
on 
thick 
and 
thin 
film 
hybrid 
circuits. 
Two 
transistors 
are internally 
connected 
to form 
a differential 
amplifier. 
The transistors 
of the 
LS159 
are well 
suited 
to 
low noise 
general 
purposes 
and to a wide 
variety 
of applications 
in low power 
systems 
in the 


DC through 
VHF 
range. 
They 
may 
be used 
as discrete 
components 
in conventional 
circuits; 
in addition 
they 
provide 
the 
very 
significant 
inherent 
integrated 
circuit 
advantages 
of close 
electrical 
and 
thermal 
matching. 
The 
device 
is also 
available 
with 
a ermetic 
goldchip 
(LS8159M) 
that 
is particularly 
suitable 


for 
professional 
and 
telecom 
applications, 
wherever 
very 
high 
MTBF 
are required. 
This 
performance 
is 
guaranteed 
by silicon 
nitride 
sealing 
of chip 
surface 
and Ti-Pt-Au 
metallization, 
protected 
with 
a double 


passivated 
layer, 
providing 
resistance 
against 
contamination, 
electrolytic 
corrosion 
and electromigration. 


Each 
transistor 
Total 
package 


VCBO 
VCEO 
Vcss * 
VEBO 
Ic 
Ptot 
Tstg, Tj 


Collector-base 
voltage 
(IE= 0) 
Collector-emitter 
voltage 
(I B= 0) 
Collector--substrate 
voltage 
Emitter-base 
voltage 
(lc= 
0) 
Collector 
current 
Total 
power 
dissipation 
at Tamb= 
25°C 
Storage, 
and junction 
temperature 
Soldering 
dip or wave at 
5 s 
11 s 


20 V 
15 V 
20 V 
5V 
50 mA 


,250 
mW 
500 mW 
-55 
to 150°C 
260 °C 
235°C 


*) 
The collector of eachtransistor of the LS159 is isolated from the substrate by an integrated diode. 
The substrate (pin 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 


LS159 


12 
13 
subst rat~ 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


Icso 
Collector cutoff current 
Vcs= 
10V 
0.002 
40 
nA 
1 
(lE = 0) 


ICEO 
Collector cutoff current 
VCE=10V 
see 
0.5 
J1.A 
2 
(Is = 0) 
curve 


Ils1-ls21 
Input offset current 
Ic = 1 mA 
VCE= 3V 
0.3 
2 
J1.A 
7 


VCSO 
Collector-base voltage 
Ic = 10J1.A 
20 
60 
V 
- 


(IE = 0) 


VCEO 
Collector-em iller 
Ic = 1 mA 
15 
24 
V 
- 


voltage (Is = 0) 


Vcss 
Collector-substrate 
Ic = 10J1.A 
20 
60 
V 
- 


voltage (Icss= 0) 


VCE(sat) 
Collector-emiller 
Ic = lamA 
Is= 
1 mA 
0.23 
V 
- 


saturation voltage 


LS159 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


VEBO 
Emitter-base voltage 
IE = 10/lA 
5 
7 
V 
- 


(lc = 01 


VBE 
Base-emitter voltage 
IE= 
1 mA 
VCE= 3V 
0.71 
V 
4 
IE = 10 mA 
VCE= 3V 
0.8 
V 


IVBEI-VBE2! 
Input offset voltage 


IVBErVBE41 
Input offset voltage 


Ic= 
1 mA 
VCE= 3V 
0.45 
5 
mV 
4-6 


IVBE4-VBESI 
Input offset voltage 


IVBES-VBE41 
Input offset voltage 


l'.VBE 
Base-emitter 
voltage 
Ic = 1 mA 
VCE= 3V 
-1.9 
mVloC 
5 
~ 
temperature coefficient 


IVBEI-VBE21 
Input offset voltage 
Ic = 1 mA 
VCE= 3V 
1.1 
/lvrC 
6 


l'.T 
temperature 
coefficient 


hFE 
DC current gain 
Ic=10mA 
VCE= 3V 
100 
- 


Ic = 1 mA 
VCE= 3V 
40 
100 
- 
3 


Ic = 10/lA 
VCE= 3V 
54 
- 


fT 
Transition 
frequency 
Ic = 3 mA 
VCE= 3V 
300 
550 
MHz 
14 


NF 
Noise figure 
Ic = 100/lA 
VCE= 3V 


Rg= 1 kn 
f = 1 kHz 
3.25 
dB 
8 


hie 
Input impedance 
3.5 
kn 


hte 
Forward current 
transfer ratio 
Ic = 1 mA 
VCE= 3V 
110 
- 


9 


hre 
Reverse voltage 
f = 1 KHz 


transfer 
ratio 
1.8x10-· 
- 


hoe 
Output admittance 


15.6 
/lS 


V,e 
Input admittance 
0.3+jO.04 
mS 
11 


Yte 
Forward 
transadmittance 
Ic = 1 mA 
VCE= 3V 
31-j1.5 
mS 
10 


Yre 
Reverse 
f = 1 MHz 


transadmittance 
see curve 
mS 
13 


Voe 
Output admittance 


0.001 +jO.03 
mS 
12 


CEBO 
Emitter-base 
Ic = 0 
VEB= 3V 
0.6 
pF 
- 


capacitance 


CCBO 
Collector-base 
IE = 0 
VCB= 3V 
0.58 
pF 
- 


capacitance 


Ccss 
Collector-substrate 
Ic = 0 
Vcss= 
3V 
2.8 
pF 
- 


capacitance 


LS159 


Fig. 
current 
perature 


- 
Collector 
cutoff 
vs. 
ambient 
tem- 


Fig. 
4 
- 
Input 
voltage 
input 
offset 
voltage 
emitter 
current 


Fig. 
2 
- 
Collector 
cutoff 
current 
vs. 
ambient 
tem- 
perature 


Fig. 5 - Input 
characteristics 
for each transistor 
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Fig. 7 - Input 
offset 
current 
for 
matched 
transistor 
pair 
Fig. 
8 
- 
Noise 
figure 
vs. 


collector 
current 
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Fig. 6 - Input 
offset 
voltage 
vs. ambient 
temperature 
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Fig. 9 - Normalized 
h para- 
meters 
vs. collector 
current 
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Fig. 
10 - 
Forward 
admit- 
tance vs. frequency 
Fig. 11 - Input admittance 
vs. frequency 


Fig. 13 - Reverse admittance 
vs. frequency 


Fig. 12 - Output admittance 
vs. frequency 


Fig. 
14 
- 
Transition 
fre- 
quency vs. collector current 
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LINEAR 
INTEGRATED 
CIRCUITS 


LS204 
LS204A 
LS204C 


HIGH 
PERFORMANCE 
DUAL 
OPERATIONAL 
AMPLIFIERS 


• 
SINGLE OR SPLIT SUPPLY OPERATION 
• 
LOW POWER CONSUMPTION 
• 
SHORT CIRCUIT 
PROTECTION 
• 
LOW DISTORTION, 
LOW NOISE 
• 
HIGH GAIN-BANDWIDTH 
PRODUCT 
• 
HIGH CHANNEL 
SEPARATION 


The 
LS 204 
is a high performance 
dual operational' 
amplifier 
with 
frequency 
and phase compen- 


sation built 
into the chip, The internal phase compensation allows stable operation as voltage follower 
in 
spite of its high gain-bandwidth 
products. 
The circuit 
presents very stable electrical characteristics over 
the entire supply voltage range, and it is particularly 
intended for professional and telecom applications 
(active filters, etc.). The LS 204 series is available with hermetic gold chip (8000 series). 


ABSOLUTE 
MAXIMUM 
RATINGS 
TO-99 
Minidip 
IJpackage 


V, 
Supply voltage 
±18V 
Vi 
Input voltage 
± V, 


V; 
Differential 
input voltage 
± (V, - 1) 
Top 
Operating temperature 
for 
lS 204 
-25 to 85°C 
lS 204A 
-55 to 125°C 
lS 204C 
o to 70°C 
P101 
Power dissipation at T.mb= 70°C 
520 mW 
665 mW 
400 mW 
Tj 
Junction 
temperature 
150°C 
150°C 
150°C 
Tstg 
Storage temperature 
-65 to 150°C 
-55 to 150°C 
-55 to 150°C 


LS204 
LS204A 
LS204C 


CONNECTION 
DIAGRAMS 
AND ORDERING 
NUMBERS 
(top views) 


OUTPu'Do 
.v, 


lNyA.INP 
, 
7 
OUTPUT 
• 
8 


N?N~ I~V. 
3 
6 
IN't~NP 


NON 
INV 
-\Is 
I" 
S 
INP B 


S·~'O 


ou),."u'Oo.v, 


IN'lINP 
2 
7 
OUTPUT 
• 
8 


NON IN'! 
INV. INI? 


[NP' A 
3 
6 
B 


NON lN~ 


-'is 
4 
5 
INE? B 


$_J589 


Type 
TO-99 
Minidip 
50-8 


LS 204 
LS 204 T 
- 
LS 204 M 


LS 204 A 
LS 204 AT 
-- 
-- 


LS204 
C 
LS 204 CT 
LS 204 CB 
LS 204 CM 


LS 8204 
- 
-- 
LS 8204 M 


LS 8204 A 
-- 
-- 
LS 8204 AM 


LS 8204 C 
- 
-- 
LS 8204 CM 


LS204 
LS204A 
LS204C 


LS 204/LS204A 
LS204C 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Is 
Supply current 
0.7 
1 
0.8 
1.5 
mA 


Ib 
Input bias current 
50 
150 
100 
300 
nA 


Tmin < Top < Tmax 
300 
700 
nA 


Ri 
Input resistance 
f = 1 KHz 
1 
0.5 
M1l 


Vas 
Input offset voltage 
Rg<;10K1l 
0.5 
2.5 
0.5 
3.5 
mV 


Rg <; 10 K1l 
3.5 
5 
mV 
Tmin < Top < Tmax 


b.Vos 
Input offset voltage drift 
Rg = 10 K1l 
IiV/oC 
~ 
5 
5 
Tmin < Top < Tmax 


los 
Input offset current 
5 
20 
12 
50 
nA 


Tmin<Too<Tmax 
40 
100 
nA 


b.los 
Input offset current drift 
Tmin < Top < Tmax 
0.08 
0.1 
nA 


lIT 
OC 


Isc 
Output short circuit 
23 
23 
mA 
current 


Gv 
Large signal open loop 
Tmin < Tot 
< Tmax 
voltage gain 
RL = 2K1l 
s= ±15V 
90 
100 
86 
100 
dB 
Vs= ± 4V 
95 
95 


B 
Gain-bandwidth 
product 
f - 20 KHz 
1.8 
3 
1.5 
2.5 
MHz 


eN 
Total input noise voltage 
f = 1 KHz 
Rg = 501l 
8 
15 
10 
nV 
Rg = 1 K1l 
10 
12 
y'HZ 
Ra = 10 K1l 
18 
20 


d 
Distortion 
Gv=20dB 
RL=2K1l 
0.03 
0.1 
0.03 
0.1 
% 
Vo= 2 Vpp f = 1 KHz 


Va 
DC output voltage swing 
RL=2K1l 
Vs=±15V 
±13 
±13 
V 
V s= ± 4V 
±3 
±3 


Va 
Large signal voltage swing 
RL-l0 
K1l 
28 
28 
Vpp 
f = 10 KHz 


SR 
Slew rate 
unity gain 
0.8 
1.5 
1 
VIliS 
RL = 2K1l 


CMR 
Common mode rejection 
Vi= 10V 
90 
86 
d6 
T min < Top < Tmax 
SVR 
Supply voltage rejection 
Vi= lV 
f = 100 Hz 
90 
86 
dB 
Tmin < Top <T max 
CS 
Channei separation 
f - 1 KHz 
100 
120 
120 
dB 


LS 204 
LS 204A 
LS 204C 


Tmin. 
_25°C 
_55°C 
O°C 


T max. 
+85°C 
+125°C 
+70°C 


LS204 
LS204A 
LS204C 


Fig. 1 - Supply current 
vs. 


supply voltage 
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Fig. 
7 - 
Large signal fre- 
q uency respo nse 


Fig. 2 - Supply current 
vs. 


ambient temperature 
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Fig. 3 - Output short circuit 
current 
vs. 
ambient 
tem- 


perature 
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Fig. 5 - Open loop gain vs. 
ambient temperature 
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Fig. 6 - Supply 
voltage re- 
jection vs. frequency 
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Fig. 9 - Total 
input 
noise 


vs. frequency 
Fig. 
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Active low-pass filter: 
BUTTERWORTH 


The 
Butterworth 
is a 
"maximally 
flat" 
amplitude 
response 
filter. 


Butterworth 
filters 
are 
used 
for 
filtering 
signals 
in data 
acquisition 


systems 
to 
prevent 
aliasing 
errors 
in sampled-data 
applications 
and 
for general 
purpose 
low-pass 
filtering. 


The 
cutoff 
frequency. 
fc• is the 
frequency 
at which 
the 
amplitude 
response 
is down 
3 dB. 
The 
attenuation 
rate 
beyond 
the 
cutoff 
fre- 


quency 
is -n6 dB per octave 
of frequency 
where 
n is the order 
(number 
of poles) 
of the filter. 
Other 
characteristics: 


• 
Flattest 
possible 
amplitude 
response. 
• 
Excellent 
gain accuracy 
at low frequency 
end of passband 


BESSEL 


The 
Bessel 
is a type 
of 
"linear 
phase" 
filter. 
Because 
of their 
linear 
phase 
characteristics. 
these 
filters 
approximate 
a constant 
time 
delay 
over 
a limited 
frequency 
range. 
Bessel filters 
pass transient 
waveforms 
with 
a minimum 
of distortion. 
They 
are 
also 
used 
to 
provide 
time 
delays 
for low pass filtering 
of modulated 
waveforms 
and as a "running 
average" 
type 
filter. 


The 
maximum 
phase 
shift 
is 
-~rr 
radians 
where 
n is the order 
(num- 


ber of poles) 
of the 
filter. 
The 
cutoff 
frequency. 
fc• 
is defined 
as the 
frequency 
at which 
the 
phase 
shift 
is one half of this value. 
For accu- 


ratf! delay, 
the 
cutoff 
frequency 
should 
be twice 
the maximum 
signal 
frequency. 
The 
following 
table 
can be used 
to obtain 
the 
-3 dB fre- 
quency 
of the filter. 


2 pole 
4 pole 
6 pole 
S pole 


-3 dB frequency 
O.77fc 
0.67 fc 
0.57 fc 
0.50 fc 


Other 
characteristics: 
• 
Selectivity 
not as great 
as Chebyschev 
or Butterworth. 


• 
Very 
little 
overshoot 
response 
to step 
inputs 
• 
Fast 
rise time. 


CHEBYSCHEV 


Chebyschev 
filters 
have greater 
selectivity 
than 
either 
Bessel or Butter- 
worth 
at the expense 
of ripple 
in the passband. 


Chebyschev 
filters 
are 
normally 
designed 
with 
peak-to-peak 
ripple 
values from 
± 0.2 dB to ± 2 dB. 
Increased 
ripple 
in the 
passband 
allows 
increased 
attenuation 
above 
the cutoff 
frequency. 
The 
cutoff 
frequency 
is defined 
as the 
frequency 
at which 
the ampli- 
tude 
response 
passes 
through 
the 
specified 
maximum 
ripple 
band 
and 


enters 
the stop 
band. 
Other 
characteristics: 
• 
Greater 
selectivity 
• 
Very 
nonlinear 
phase 
response 
• 
High overshoot 
response 
to step 
inputs 
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Fig. 12 -Amplitude 
response 


(± 1 dB ripple) 
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The 
table 
below 
shows 
the 
typical 
overshoot 
and 
settl ing, time 
response 
of the 
low pass filters 
to a step 
input. 


PEAK 
SETTLING 
TIME (% of final value) 
NUMBER 
OVERSHOOT 
OF POLES 


% Overshoot 
± 1% 
± 0.1% 
± 0.01% 


2 
4 
1.1/fe sec. 
1,7/fe sec. 
1.9/fe sec. 


BUTTERWORTH 
4 
11 
1.7/fe 
2.8/fe 
3.8/fe 


6 
14 
2A/f e 
3.9/fe 
5.0/fe 
8 
16 
3.1/fe 
5.1 fe 
7.1/fe 


2 
OA 
0.8/fe 
1A/f e 
1.7/fe 
4 
0.8 
1.0/fe 
1.8/fe 
2A/fe 
BESSEL 
6 
0.6 
1.3/fe 
2.1/fe 
2.7/fe 


8 
0.3 
1.6/fe 
2.3/fe 
3.2/fe 


2 
11 
1.1/fe 
1.6/fe 
- 


CHEBYSCHEV 
4 
18 
3.0/fe 
5A/fe 
- 


IRIPPLE±0.25dB) 
6 
21 
5.9/fe 
10A/fe 
- 
8 
23 
8A/fe 
16A/fe 
- 


2 
21 
1.6/fe 
2.7/fe 
- 


CHEBYSCHEV 
4 
28 
4.8/fe 
8A/fe 
- 


(R IPPLE ± 1 dB) 
6 
32 
8.2/fe 
16.3/fe 
- 
8 
34 
11.6/fe 
24.8/fe 
- 


Design 
of 2nd order 
active 
low pass filter 
(Sallen 
and Key configuration 
unity 
gain op-amp) 


where: 
we 
2Tr fe 
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Three parameters 
are needed to characterise the 
frequency 
and phase response of a 2nd order ac- 
tive filter: the gain (Gy), the damping factor (~) 
or the O-factor 
(0= (2 n:.q,and 
the cutoff fre- 
quency (fe). 
The higher order responses are obtained 
with a 
series of 2nd order sections. A simple RC section 
is i"trcduced 
when an odd filter is required. 
The choice of '~' (or O-factor) 
determines 
the 
filter response (see table). 


Filter response 
~ 
Q 
Cutoff frequency 
fe 


Bessel 
.YI 
1 
Frequency at which 
2 
\/3 
phaseshift is _900 


Butterworth I~ 


1 
Frequency at which 
V2 
Gy= -3 dB 


Chebyschev 
<fl >-&21 
Frequency at which 
2 
the amplitude 
response 
passes 
through specified 
max. ripple band 
and enters the stop 
band 


~ ~ 0.177 
=' ~0.25 
=, ~035 
=0.5 


- 
~~O707 
~ 2 
-- 


" 
The diagram 
of fig. 14 shows the amplitude 
response for different 


5 (f"o> 
values of damping factor ~ in 2nd order filters. 


LS204 
LS204A 
LS204C 


In the circuit of fig. 15, for fc = 3.4 KHz and 
Ri= R1= R2= R3= R4= 10 Kn, we obtain: 


1 
1 
Ci = 1.354 °Ffo 
21T fc 


Tab. II 
Damping 
factor 
for low-pass 
Butterworth 
filters 


Ordf:r 
c, 
c, 
C2 
C3 
C4 
Cs 
C6 
C7 
Cs 
- 
2 
0.707 
1.41 


3 
'.392 
0.202 
3.54 


4 
0.92 
1.08 
0.38 
2.61 


5 
1.354 
0.421 
1.75 
0.309 3.235 


6 
0.966 
1.035 0.707 
1.414 0.259 
3.86 


7 
1.336 0.488 
1.53 
0.623 
'.604 
0.222 
4.49 


8 
0.98 
1.02· 
0.83 
1.20 
0.556 
1.80 
0.195 5.125 


1 
1 
C2 = 1 753 
° - 
° -- 
= 
. 
R 
21T fc 


1 
1 
C4=3.325°Ffo21Tfc 
= 
15.14nF 


The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 


The same method, referring to Tab. II and fig. 
16, is used to design high-pass filter. 
In this 


casethe damping factor is found by taking the 
reciprocal of the numbers in Tab. II. 
For fc 
= 5KHz and Ci = C1 = C2 = C3 = C4 = 1 nF 
we obtain: 


Ci 
C 1 


O--~~ 
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LINEAR 
INTEGRATED 
CIRCUITS 
LS285 
LS285A 


The LS285 and LS285A are monolithic 
integrated circuits for replacement 
of the hybrid (2-4 line in- 


terface) 
in conventional 
telephones, 
interfacing the two transducers 
to the line and prodiving a control- 
led amount of sidetone. 
The same type of transducer 
can be used for both transmitter 
and receiver, usually a 350n 
dynamic 
type. 
By sensing the line current, 
LS285 and LS285A adjust the gain in both directions to compensate for line 
attenuation. 
Output impedance can be matched to the line, independent 
of transducer 
impedance. 
The LS285 and LS285A are packaged in a 14 lead dual in-line plastic package. 


Line voltage (3 ms pulse duration) 
Forward current 
Reverse cu rrent 
Storage and junction temperature 
Operating temperating 


22 
V 
120 
mA 
-150 
mA 
-55 to 150°C 
-40 to 
70°C 


ORDERING 
NUMBERS: 
LS285 B 
LS285 AB 


~ 


~ 


LS285 
LS285A. 


RECEI\lER 
14 
RECEIVER 


OUTPUT 
OUTPUT 


LINE 
IMP. 
13 
,VL 
ADJUST. 


-VL 
12 
INPUT 
REC. 


AM~(.) 


DC 
REGULATOR 
11 
INPUT 
REC. 


AMP.(-} 


BIAS 
10 
MIC.INPUT 


AC lOOP 
MIC.INPUT 
OPENING 


NC 
NC 


5-4029 


LS285 
LS285A, 


The LS285 and the LS285A are based on a bridge configuration. 
They contain a regulator block, a sending amplifier and a receiver 
amplifier. 
The regulator monitors the line current and adjusts the amplifier 
gain to compensate 
for the line length. 
It provides DC charac- 
teristics in line with CEPT standards. 
The transmit/receiver 
amplifiers are connected 
to the line via an 
external bridge to provide sidetone attenuation. 
The line current compensation 
ensures that when the subscriber 
is talking, the signal delivered to the line is increased in according 
to line legth. When he is hearing, the signal level on the receiver 
capsule is constant. 
The 
amplifiers 
can 
also be matched 
to 
different 
transducers 
simply by varying external components. 
Gain variation over the 
operating temperature 
range is less than ± 1 dB. 


The impedance to the line can be adjusted-without 
any change in 
circuit 
parameters-by 
changing an external 
resistor 
(6.8 K.n at 
pin 2). 


ELECTRICAL 
CHARACTERISTICS 
(Refer to the test circuits, Tamb= -15 to +45 °C; f = 200 
to 3400 Hz unless otherwise specified) 


Param,eter 
Test conditions 
Min. 
Typ. ' 
Max. 
Unit 
Fig. 


VL 
Terminal voltage 
IL= 80 mA 
10 
11.5 
V 
IL= 20 mA 
5 
5.8 
V 
1 
IL= 10 mA 
3,8 
4,6 
V 


Gs 
Sending gain 
f = 1 KHz 
Tamb= 25°C 
GS1 
RL= a 
41 
43 
d8 
GS2 
LS285 
RL= 800.n 
46.5 
48.5 
dB 
2 
GS3 
RL=2,2K.n 
46,5 
49,5 
dB 
GS4 
IL = 80 mA 
40 
43 
dB 


GS1 
RL= a 
40.7 
44,1 
dB 
GS2 
LS285A 
RL= 800.n 
45.4 
49.5 
dB 
2 
GS3 
RL= 2.2 K.n 
46.5 
50,5 
dB 
GS4 
IL= 80 mA 
40 
43.3 
dB 


LlGs 
Sending gain spread 
± 1 
dB 
2 


LS285 
LS285A, 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


GR 
Receiving gain 
f = 1 KHz 
Tamb= 25°C 
GR1 
RL= 0 
-18 
-16 
dB 
GR2 
LS285 
RL=800n 
-13 
-11 
dB 
3 
GR3 
RL= 2.2 Kn 
-13 
-10 
dB 
GR4 
IL= 80 mA 
-19 
-16 
dB 


GR1 
RL= 0 
-18 
-14.9 
dB 
GR2 
LS285A 
RL= 800 n 
-13.6 
-10.6 
dB 
3 
GR3 
RL=2.2Kn 
-13 
-9.9 
dB 
GR4 
IL= 80 mA 
-19 
-16 
dB 


t>GR 
Receiving gain spread 
± 1 
dB 
3 


Side tone 
f = 1 KHz 
Tamb= 25°C 
G1S01-(GS1 + GR1) 
RL= 0 
-7 
dB 
2-4 
G IS02 -(GS2 + GR2) 
RL= 800 n 
-28 
dB 


Sending noise 
RL=O 
EI~O 
-67 
dB 
2 
psophometric 


Receiving noise 
RL= 0 
E2= 0 
-80 
dB 
3 


Sending gain flatness 
RL= 0 
fret= 1KHz 
-0.5 
+0,5 
dB 
2 


Receiving gain flatness 
RL= 0 
fret= 1KHz 
-0,5 
+0.5 
dB 
3 


Sending distortion 
IL= 10 to 15 mA 
2 
% 


V1= 0.7 Vp 
IL= 15 to 80 mA 
J 
% 
2 
V1= 1.5 Vp 


Receiving distortion 
IL= 10 to 15 mA 
2 
% 


V2= 350 mVp 
IL = 15 to 80 mA (LS285) 
2 
% 
3 
V2= 600 mVp 
, 


IL= 15 to 80 mA 
2 
% 


V2= 500 mVp (LS285A) 


Max sending output 
(0) 
IL= 10 to 80 mA 
3 
Vp 
E1= 1V 
2 


Max receiving output 
(0) 
IL= 10to80mA 
0,8 
Vp 
E2= 10V 
3 


ZL 
Output impedance 
IL= 10 to 80 mA 
540 
740 
n 
5 
f = 1 KHz 


ZMIC 
Microphone amplifier 
RL= 0 
R6+R] 
R6+R] 
n 
1-6 
input impedance 
+45 
+85 


ZRE 
Receiver amplifier output 
RL=O 
Rg+R10 
Rg+R10 
n 
1-7 
impedance 
+60 
+100 


LS285 
LS285A, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
R3 
R2 


I 
C3 
l00nF 
L_______ -1~~-----~-----J 
MICROPHONE 
5-379211 


,----------------------, 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 


LINE 
)L I 
I 


S 
LS 285 
LS 285A 


Gs=201~2E, 


GtSO,·20'09-t- 


1 


L1~so~'~-1 


~=5mv 
t=lKHz 


LS285 
LS285A. 


G:J 


~IS_- 


3SOn 


rv 
El=5mV 
t::.1KHz 


l8285 
L8285A. 


Component 
Recommended 
Purpose 
Note 
value 


R1 
74 J1 
Bridge 
resistor 
The ratio R2/R1 fixes the amount of signal 
delivered to the line. 


R2 
536 J1 


R3 
2.05 KJ1 
Balance network 
In order to optimize the sidetone it is pos- 
(seeblock diagram) 
sible to change R3 and R4 values. In any 
case: 


R4 
~= 
R2 
9.09 K11 
-- 
where ZB= R3 + R4//C2. 


ZL 
R1 


R5 
6.8 KJ1 
Line impedance 
ZL= 
[ ~~ 
//(R2 + ZB) 1+ R1. 


adjustment 
This approximates to: 
. 
R5 
ZL'" 11 


R6 and R7 
25011 
Microphone 
R6 and R7 must be equal; 250 J1is a typical 


impedance 
match 
ing 
value for dynamic microphones (0)' 


R8 
16.2 KJ1 
Bias resistor 
Changing R8 value it is possible to shift the 


(seefig. 9) 
gain 
characteristics. 
The value can be chosen from 
15 KJ1 to 
20 
KJ1. The 
recommended value assures 


the maximum 
output 
swing. 


R9 and R10 
100 J1 
Receiver impedance 
R9 and 
R10 must be equal; 100 11 is 
a 


matching 
typical 
value 
for 
dynamic 
receivers 
(0 ). 


C1 
10 I'F 
AC loop opening 
Ensures a high regulator impedance for AC 
signals ('" 20 KJ1). 
This 
capacitor 
should not 
be higher than 
10 I'F 
in order 
to 
have a short 
response 


time of the system. 


(0) The dynamic microphone and receiver capsulescan have an impedance in a range of ± 20% of this nominal value. 


The resistors R6/R7 and R9/R 10 should be modified to match the capsule employed. 


LS285 
LS285A, 


Component 
Recommended 
Purpose 
Note 
value 


C2 
22 nF 
Balance network 
See note for R3 and R4. 


C3 
100l'F 
DC decoupling for 
mike input 


C4 
10l'F 
DC decoupling for 
receiving input. 


C5 
100 nF 
RF filter. 


Fig, 9 
- 
Sending and re- 
ceiving gain VS, 
line current 


hill. 
J: 
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LINEAR 
INTEGRATED 
CIRCUIT 
LS342 


MULTI FREQUENCY 
TO TELEPHONE 
LINE 
INTERFACE 
CIRCUIT 


The 
LS342 
is a monolithic 
integrated 
circuit 
in dual 
in-line 
minidip 
plastic 
package. 
It interfaces 
the 


multifrequency 
tone 
dialler 
M751 
to the 
line 
in telephone 
sets, 
performing 
the 
following 
functions: 


Adjustment 
of the 
DC current/voltage 
characteristic 
and 
AC input 
line impedance 
by 
means 
of an 


external 
resistor 
(RE). 


Sending 
to the 
line of the multifrequency 
signal. 


Adjustment 
of the signal level by means 
of an external 
resistor 
(RT). 


Stabilized 
supply 
voltage 
to the 
M751. 


VL 
IL 
IL 
Top 
Tstg' Tj 


Maximum 
line voltage 
(pulse duration';;;; 
10ms) 
Maximum 
forward 
current 
Maximum 
reverse 
current 
Operating 
temperature 
Storage 
and junction 
temperature 


22 
155 
-150 


.-40 
to 
70 
-55 to 150 


~B 


~U 


LS342 


CONNECTION 
DIAGRAM 


(Top view) 


DESCRIPTION 


The 
LS342 
interfaces 
the 
M751 
with 
the 
telephone 
line. 
Power 
is only 
applied 
to the system 
when 
the 


handset 
is lifted 
and 
a key 
pressed. 
At this time.S1 
is also switched 
(see fig. 1) disconnecting 
the speech 
circuit 
from 
the 
line and connecting 
the dialling 
circuit. 


In the dialling 
condition 
the 
LS342 
performs 
3 functions: 


1) 
D.C. and A.C. line termination 


2) 
M751 
power 
supply 


3) 
Amplification 
and transmission 
of tone 
pairs. 


In the 
initial 
stage 
of 
switch-on 
the 
supply 
voltage 
V DO is regulated 
at == 4 volt. 
This overdrives 
the 
M751 oscillator 
causing 
a rapid 
start-up 
and therefore 
rapid 
generation 
of output 
tones. 
When the system 
reaches 
its normal 
operating 
point 
the supply 
voltage 
V DO is stabilized 
at 2.5V 
± 4%. 


LS342 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the test circuit, 
Tamb= 
-15 to +45°C; 
f = 300 to 
3400 
Hz, unless otherwise 
specified). 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


VL 
Line voltage 
RE= 3911 


(pins 6-4) 
IL = 
8mA 
4.2 
4.5 
V 
IL = 17mA 
4.6 
5 
V 
IL = 60mA 
6.4 
7 
V 
IL = 150mA 
10.2 
11.5 
V 


Max output level 
IL = 8 to 17mA 
f = 1 KHz 
1.7 
Vpp 
(pins 6-4) 
d < 1.5% 
IL - 17 to 150mA 
f - 1 KHz 
3.2 
Vpp 
d < 1.5% 


Voo 
Output voltage (pin 3) 
IL = 8 to 150mA 
2.4 
V 


Zo 
Output impedance 
IL = 8 to 150mA 
CE = 11'F 
900 
11 
(pins 6, 4) 
RE = 3911 


Zi 
Input impedance 
IL = 8 to 150mA 
5 
M11 


(pin 1) 


Multifrequency 
RT = 77 11 
Low tones 
770 
mVpp 


output level 
(pin 6) 
High tones 
980 
mVpp 


100 
Supply current 
IL;;>8mA 
V3-4= 2.5V 
2 
mA 
from Voo 
(pin 3) 


LS342 


Component 
Recomm. 
Purpose 
Note 
value 


RE 
39l1. 
DC characteristic 
The relationships involving RE are: 
AC impedance 
eVL=(IL-lo)RE+Vo 
adjustment 
where 10 '" 6 mA 
Vo'" 
4V 
eZo = 23RE (f = 1KHz) 


eRE must be greater than 27 l1. 


Rp 
5.6 Kl1. 
Bias resistor 
Rp can be reduced in order to increase the output cur- 
rent from pin 3(V DDI. 
In this case, the total current 


consumption 
is increased. 


RT 
77l1. 
Signal level adjustment 
The gain is: GMF = (ZL//Zol/RT 


RT can have a range of :0 20%. At the lower values, the 
line current is increasedof about 0.6 mA. 


CE 
1 JJF 
Regulator AC bypass 
A value greater than 1JJFgivesa system start time too 
high when line current is between 8 mA and 17 mA. 
A value less than 1JJFgives an alteration 
of the AC 
line impedance because its reactance is not negligible 
at low frequencies. 


Cf 
0.22JJF 
DC filtering 
The Cf 
range 
is from 
0.1JJF to 0.47JJF. The lowest 


values 
is ripple 
limited, 
the higher values is starting 
up time limited. 


CL 
30nF 
Matching to a 
This is neededwith a capacitive line becausethe output 
capacitive line 
impedance of the LS342 is essentially resistive. 
The range of CL is between 30 and 60 nF. 


Cl 
C, 
CJ 
C4 
Voo 
1209 
1336 
1477 
1633 
H' 
H, 
H, 
H, 


" 
Rl 
697 
Hz 
13 
~ 


R2 
770 
Hz 
12 


RJ 852Hz 


M751 


10 


15 


LINEAR 
INTEGRATED 
CIRCUITS 
LS404 
LS404C 


• 
SINGLE 
OR SPLIT 
SUPPLY 
OPERATION 
• 
VERY 
LOW POWER 
CONSUMPTION 
• 
SHORT 
CI RCUIT 
PROTECTION 
• 
LOW DISTORTION, 
LOW NOISE 
• 
HIGH 
GAIN-BANDWIDTH 
PRODUCT 
• 
HIGH 
CHANNEL 
SEPARATION 


The 
LS 404 
is a high 
performance 
quad 
operational 
amplifier 
with 
frequency 
and phase 
compensation 
built 
into 
the 
chip. 
The 
internal 
phase 
compensation 
allows 
stable 
operation 
as voltage 
follower 
in spite 
of 
its high 
gain-bandwidth 
product. 
The 
circuit 
presents 
very 
stable 
electrical 
characteristics 
over 
the 
entire 
supply 
voltage 
range, 
and 
it is particularly 
intended 
for 
professional 
and 
telecom 
applications 
(active 
filters, 
etc.). 
The 
patented 
input 
stage 
circuit 
allows 
small 
input 
signal 
swings 
below 
the 
negative 
supply 
voltage 
and 
prevents 
phase 
inversion 
when 
the 
input 
is over driven. 
The 
LS 404 
is available 
with 
hermetic 
gold chip 
(8000 
series). 


ABSOLUTE MAXIMUM 
RATINGS 


VS 
Supply 
voltage 
± 18 
V 
Vi 
Input 
voltage 
(positive) 
+ Vs 
(negative) 
-Vs - 
0.5 
V 
Vi 
Differential 
input 
voltage 
±(Vs-1) 
Top 
Operating 
temperature 
LS 404 
-25 to + 85 
°C 
LS 404C 
o to + 70 
°C 
Ptot 
Power 
dissipation 
(T amb = 70°C) 
400 
mW 


T stg 
Storage 
temperature 
-55 
to + 150 
°C 


= 
~ 


LS404 
LS404C 


CONNECTION DIAGRAM AND ORDERING NUMBERS 


(top view) 


OUTPUT 
A 
OUTPUT 0 


INV.INP. 
A 
" 


INV.INP, 
0 


NON INV. INP. A 
11 
NON INV.INP. 0 


.vs 
-Vs 


NON INV.INP. B 
10 
NON INV,INRC 


IN". [NP. B 
tNV.INP. 
C 


OUTPUT 
8 
OUTPUT 
C 


$-3901 


Type 
DIP 14 
SO-14 


LS 404 
- 
LS 404M 
LS404C 
LS 404CB 
LS 404CM 


LS 8404 
- 
LS8404M 
LS 8404C 
- 
LS 8404CM 


80-14 


200°C/W* 


LS404 
LS404C 


LS 404 
LS 404C 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Is 
Supply current 
1.3 
2 
1.5 
3 
mA 


Ib 
Input bias current 
50 
200 
100 
nA 


Rj 
Input resistance 
f = 1KHz 
0.7 
0.5 
Mn 


Vos 
Input offset voltage 
Rg=10Kn 
1 
1 
mV 


/;Vos 
Input offset 
Rg = 10Kn 
5 
5 
IN/oC 
--;;:;:r 
voltage drift 
Tmin < Top < Tmax 


los 
Input offset current 
10 
40 
20 
nA 


/;Ios 
1nput offset 
Tmin < Top < Tmax 
0.08 
0.1 
nA-- 
t:T 
current drift 
°C 


Isc 
Output short 
23 
23 
mA 
circu it current 


Gv 
Large signal open 
RL=2Kn 
Vs = ±12V 
90 
100 
86 
100 
dB 
loop voItage 90 in 
Vs = ±4V 
95 
95 


B 
Gain-bandwidth 
product 
f = 20KHz 
1.8 
3 
1.5 
2.5 
MHz 


eN 
Total input noise 
f = 1KHz 
voltage 
Rg = 50n 
8 
15 
10 
nV 
R 
= 
lKn 
10 
12 
v'HZ 
9 
Rg~10Kn 
18 
20 


d 
Distortion 
unity 
gain 
RL ~ 2Kn 
f = 
1 KHz 
0.01 
0.04 
0.01 
% 
Vo=2Vpp 
f = 20 KHz 
0.03 
0.03 


Vo 
DC output 
RL = 2Kn 
Vs = ± 12V 
± 10 
± 10 
voltage swing 
Vs = ± 4V 
±3 
±3 
V 


Vo 
Large signal 
f= 
10KHz 
RL = 10 Kn 
22 
22 
Vpp 
voltage swing 
RL = 1 Kn 
20 
20 


SR 
Slew rate 
unity gain 
0.8 
V/jJ.s 
RL = 2Kn 
1.5 
1 


CMR 
Comm. mode 
Vj=10V 
94 
90 
dB 
rejection 


SVR 
Supply voltage 
Vi ~ lV 
f=l00Hz 
94 
90 
dB 
rejection 


CS 
Channel separation 
f = 1KHz 
100 
120 
120 
dB 


LS404 
LS 404 C 


Fig. 1 - Supply current 
vs. 


supply voltage 
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Open 
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Fig. 7 - 
Large signal fre- 
quency response 
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Fig. 2 - Supply current 
vs. 


ambient temperature 
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Fig. 5 - Open loop gain vs. 
ambient temperature 
~. 
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Output 
voltage 
swing 
vs. 
load 
resistance 
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Fig. 3 - Output short circuit 
current 
vs. 
ambient 
tem- 


perature 
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Fig. 6 - Supply voltage re- 
jection vs. frequency 
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input 
noise 
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APPLICATION 
INFORMATION 
Active low-pass filter: 


BUTTE RWORTH 
The 
Butterworth 
is a "maximally 
flat" 
amplitude 
response 
filter. 


Butterworth 
filters 
are used for filtering 
signals 
in data 
acquisition 


systems 
to 
prevent 
aliasing 
errors 
in sampled-data 
applications 
and for general 
purpose 
low-pass 
filtering. 


The 
cutoff 
frequency, 
fe, is the frequency 
at which 
the amplitude 
response 
in down 
3 dB. The 
attenuation 
rate 
beyond 
the 
cutoff 
frequency 
is -n6 
dB per octave 
of frequency 
where 
n is the order 
(number 
of poles) 
of the filter. 


Other 
characteristics: 
• 
Flattest 
possible 
amplitude 
response. 


• 
Excellent 
gain accuracy 
at low frequency 
end of passband. 


BESSEL 
The Bessel is a type 
of "linear 
phase" 
filter. 
Because 
oftheir 
linear 
phase 
characteristics, 
these 
filters 
approximate 
a constant 
time 
delay 
over 
a limited 
frequency 
range. 
Bessel filters 
pass transient 
waveforms 
with 
a minimum 
of distortion. 
They 
are also used 
to 
provide 
time 
delays 
for low pass filtering 
of modulated 
waveforms 
and 
!IS a "running 
average" 
type 
filter. 


The 
maximum 
phase 
shift 
is -;11" 
radians 
where 
n is the 
order 


(number 
of poles) of the filter. The cutoff 
frequency, 
fe, is defined 
as the 
frequency 
at which 
the 
phase 
shift 
is one half to this value. 
Fpr 
accurate 
delay, 
the 
cutoff 
frequency 
should 
be twice 
the 
ma- 
x'imum 
signal 
frequency. 
The 
following 
table 
can 
be used 
to ob- 
tain the 
-3 dB frequen~y 
of the filter. 


-3 dB frequency 


Other 
characteristics: 


• 
Selectivity 
not as great 
as Chebyschev 
or Butterworth. 


• 
Very 
small overs,hoot 
response 
to step 
inputs 
• 
Fast rise time. 


CHEBYSCHEV 
Chebyschev 
filters 
have 
greater 
selectivity 
than 
either 
Bessel 
or 
Butterworth 
at the expense 
of ripple 
in the passband. 
Chebyschev 
filters 
are 
normally 
designed 
with 
peak-to-peak 
ripple 
values 
from 
0.2 dB to 2 dB. 


Increased 
ripple 
in 
the 
passband 
allows 
increased 
attenuation 
above 
the cutoff 
frequency. 
The 
cutoff 
frequency 
is defined 
as the 
frequency 
at which 
the 
amplitude 
response 
passes 
through 
the 
specified 
maximum 
ripple 
band 
and enters 
the stop 
band. 


Other 
characteristics: 
• 
Greater 
selectivity 
• 
Very 
nonlinear 
phase 
response 
• 
High overshoot 
response 
to step 
inputs. 
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Fig. 12 - Ampl itude response 
(± 1 dB ripple) 
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The table 
below 
shows 
the typical 
overshoot 
and settling 
time 
response 
of the 
low pass filter 
to a step 
input. 


PEAK 
SETTLING 
TIME 1% of final value} 
NUMBER 
OVERSHOOT 
OF POLES 


% Overshoot 
±1% 
± 0.1% 
± 0.01% 


2 
4 
1.1/fesee. 
1.7/lesee. 
1.9/le 
sec. 


BUTTERWORTH 
4 
11 
1.7/1 e 
2.8/le 
3.8/1 e 
6 
14 
2A/I e 
3.9/le 
5.0/le 


8 
16 
3.1/le 
5.1/le 
7.1/le 


2 
OA 
0.8/le 
1A/I e 
1.7/1 e 


BESSEL 
4 
0.8 
1.0/le 
1.8/le 
2.4/le 
6 
0.6 
1.3/le 
2.1/le 
2.7/le 


8 
0.3 
1.6/le 
2.3/le 
3.2/1 e 


2 
11 
. 1.1/le 
1.6/le 
- 
CHEBYSCHEV 
4 
18 
3.0/le 
5A/le 
- 
(RIPPLE 
± 0.25 dB) 
6 
21 
5.9/le 
lOA/Ie 
- 
8 
23 
8A/I e 
16A/le 
- 


2 
21 
1.6/le 
2.7/le 
- 


CHEBYSCHEV 
4 
28 
4.8/le 
8Alfe 
- 
(RIPPLE 
± 1 dB) 
6 
32 
8.2/le 
16.3/le 
- 
8 
34 
11.6/le 
24.8/le 
- 


Design of 2nd order active low pass filter 
(Sallen and Key configuration unity gain op-ampl 


1 


1 +2~~+~we 
We' 


where: 


we 
= 21ffe 


LS404 
LS404C 


Three 
parameters 
are 
needed 
to 
characterize 


the 
frequency 
and 
phase 
response 
of a 2 nd 


order 
active 
filter: 
the 
gain (Gv), 
the damping 


factor 
(~) or the 
Q-factor 
(Q= 
(2 ~)-1 l. and 
the cutoff 
frequency 
(fe). 


The higher 
order 
responses 
are obtained 
with 
a 


series of 2nd order 
sections. 
A simple 
RC section 


is introduced 
when 
an odd filter 
is required. 


The 
choice 
of 'f (or Q-factor) 
determines 
the 


filter 
response 
(see table). 


B) 


=~-0.177 
4 
=.i ·0.25 
=i ·035 
0 
~·0.5 


4- 
~·O707 


.2 


-8 


" 
16 
~11. 


\1 


Filter 
response 
~ 
Q 
Cutoff 
frequency 
fc 


Bessel 
fi 
1 
Frequeney 
at wh ieh 


2 
jJ 
phase shift is -90" 


Butterworth 
.j2 
1 
Frequency 
at which 
2 
.j2 
Gv = -3 dB 


Chebyschev 
.j2 
1 
Frequency 
at which 
<-- >.j2 
2 
the amplitude 
response 
passes 


through 
specified 


max. ripple band 
and enters the stop 
band 


Fixed 
R= R1 = R2, we have (see fig. 13) 


C 
1 = ..LL 
R we 


1 
1 
C2 = R ~We 


The 
diagram 
of 
fig. 
14 shows 
the 
amplitude 
response 
for different 


values 
of damping 
factor 
~ in 2nd order 
filters. 


EXAMPLE: 


Fig. 15 - 5th order 
low pass filter 
(Butterworth) 
with 
unity 
gain configuration. 


LS404 
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In the circuit 
of fig. 15, for fc = 3.4 KHz and 
Rj= R1= Rz= R3= R4= 10 Kn, we obtain: 


Tab. II 
Damping factor for low-pass Butterworth filters 


1 
1 
Cj = 1.354 "Ff" 21T f c 


Order 
C; 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
Ca 


2 
0.707 
1.41 


3 
1.392 0.202 
3.54 


4 
0.92 
1.08 
0.38 
2.61 


5 
1.354 0.421 
1.75 
0.309 3.235 


6 
0.966 
1.035 0.707 
1.414 0.259 
3.86 


7 
1.336 0.488 
1.53 
0.623 
1.604 0.222 
4.49 


8 
0.98 
1.02· 
0.83 
1.20 
0.556 
1.80 
0.195 5.125 


1 
1 
Cz = 1.753 "Ff· 
21Tf 
= 
c 


1 
1 
C4=3.325·Ff"21Tf 
= 
15.14nF 
c 


The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 


The same method, referring to Tab. II and fig. 
16, is used to design high-pass filter. 
In this 
casethe damping factor is found by taking the 
reciprocal of the numbers in Tab. II. 
For fc 
= 5KHz and Cj = C1 = Cz = C3 = C4 = 1 nF 
we obtain: 


1 
1 
1 
_ 


Rz = 1.753 °C· 21T fc - 
18.2 Kn 


1 
1 
1 
R3 = 0.309 "CO 21Tfc = 


Ri __ 
1_.~._1_ 
= 
23.5 Kn 
- 1.354 
C 
21T fc 


Ci 
C 1 
o--1r 


LS404 
LS404C 


fc = 1.J80Hz; 
A = 1; Cz = C3 = Cs = C6 = Ca = Cg = CIO = Cll 
= 3.300 
pF; 
RI = R6 = Rg = RIZ = 160 Kn; 
Rs = Ra = Rll 
= R14 = 330Kn; 
R4 = R] = RIO = R13 = 5.3Kn 


Fig. 18 - Frequency 
response 
of band-pass 
filter 
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Fig. 19 - Bandwidth 
of band- 
pass filter 
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LS709 
LS709A 
LS709C 
LINEAR 
INTEGRATED 
CIRCUITS 


The 
LS 709 
series 
features 
low 
offset, 
high 
input 
impedance, 
large 
input 
common 
mode 
range, 
high 


output 
voltage 
swing. 
The 
amplifier' 
is intended 
for use in D.C. servosystems, 
high 
impedance 
analog 
computer, 
low level instrumentation 
applications, 
and for the generation 
of special 
linear 
and non 
linear 
transfer 
functions. 


Supply 
voltage 
Input 
voltage 
Differential 
input 
voltage 


Operating 
temperature 
for LS 709/LS 
709A 
for LS 70ge 
Power 
dissipation 
at Tamb= 
70°C 
Storage 
temperatu 
re 


± 18 V 
± 10V 
±5V 
-55 
to 125°C 
o to 70°C 
520 mW 
400 mW 
-65 
to 150°C 
-55 
to 150 °C 


LS709 
LS709A 
LS 709 C 


CONNECTION 
DIAGRAMS 
AND 
ORDERING 
NUMBERS 
(top views) 


"""" 
r~EOUENCV 
CQMI'ENSATIO'l 
~: 
,..",.J} 
INPUT 
2 
6 
OUTPUT 


NO'lINV£R11 


INPUT 
3 
S 
QVTPUT 
'-... 
4 
/" 
FREQUENCV 
----e---- 
COMPENSATION 


-', 


Type 
TO-99 
DIP 


LS 709 
LS 709T 
- 


LS 709A 
LS 709 AT 
- 


LS 709C 
LS 709 CT 
LS 709 CB 


SCHEMATIC 
DIAG RAM 
(pin numbers are referred to the TO-99 version) 


08 
I 
·lff 
~~:, 


:04, 
Q9 


R9 


10110 
' 
! 


R1J~ 
75n 


LS709 
LS709A 
LS709C 


LS 709A 
LS 709 
LS 709C 


Parameter 
T est conditions 
Unit 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vos 
Input offset 
Rg<; 10 kll 
3 
6 


I 


I 
10 
mV 


voltage 
Rg<; 10 kl! 
Tamb=25 e 
0.6 
2 
1 
5 
2 
7.5 
mV 


Ib 
Input bias 
Tamb= Tmln 
03 
06 
05 
1.5 
0.36 
2 
I'A 
current 
Tamb= 25 C 
100 
200 
200 
500 
300 
1500 
nA 


105 
Input offset 
Tamb= T mdX 
3.5 
50 
20 
200 
I 
75 
400 
nA 
current 
Tamb= T mln 
40 
250 
100 
500 
125 
750 
nA 
Tamb= 25 C 
10 
50 
50 
200 
100 
500 
nA 


i 


Ri 
Input 
resistance 
Tamb= 
T mm 
85 
170 
40 
100 
50 
250 
kfl 


Tamb= 25 e 
350 
700 
150 
400 
50 
I 250 
kl1 


Ro 
Output 
reSistance 
Tamb= 25 C 
150 
150 
I 150 
II 


Is 
Supply 
current 
Vs= '15V 
Tamb=25 C 
2.5 
3.6 
2.6 
5.5 
i 
2.6 
6.6 
mA 


T ransiet response 
V,= 20 mV CL<; 100 pF 
I 


Risetime 
Tambo 25 C 
1.5 
0.3 
1 
0.3 
1 
I'S 
Overshoot 
30 
10 
30 
I 
10 
30 
% 


SR 
Slew 
rate 
Tambo 25 e 
0.25 
025 
025 
VII's 


I'Nos 
Average 
tempera- 
Rge 5011 
~ 
ture 
coefficient 
Tamb 
25 eta 
T max 
1.8 
10 
3 
6 
Vie 
of 
input 
offset 
Tamb 
25 C to T mill 
1 8 
10 
6 
12 
V/C 
voltage 
Rg 
10 kl! 
Tamb 
25 C to Tmax 
2 
15 
I 


VI C 
Tamb 
25 C to T mill 
4.8 
25 


! 
vrc 


Gv 
Large 
signal 
Vs= '15V 
RL,' 
2 kll 
voltage 
gain 
Vo' 
'10V 
88 
93 
91 
88 
93 
97 
83 
93 
dB 


Vo 
Output voltage 
V 
= 
'15V 
RL 
10 kl! 
• 12 
'14 
'12 
-14 
-12 
'14 
V 
5 
swing 
V 
= -15V 
RL = 
2kl! 
'10 
'13 
' 10 
'13 
'10 
'13 
V 
s 


V. 
Input 
voltage 
Vs 
'15V 
,8 
'8 
• 10 
'8 
'10 
V 
range 


CMR 
Common 
mode 
Rg'" 10 kll 
80 
110 
70 
90 
65 
90 
dB 
rejection 


SVR 
Supply vol tage 
Rg'" 10 kl! 
80 
88 
76 
92 
74 
92 
dB 


rejection 


Note: These specIficatIons, unless otherwise specifIed, apply for Tamb= 
-55 to 125 C for LS 709/LS 
709A and 


Tamb= 0 to 7CY'C for LS 709C wIth the follOWIngcond.t,ons 
V, - 
• 9V to • 15V, Cl = 5000 pF, R1= 1'.5 kl!, 


C2= 200 pF and R2= 5111.ISeef,g. 8 and Iig. 171. 
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LS709A 
LS709C 


Fig. 1 - Voltage gain vs. sup- 
ply voltage (for 709A) 


Fig. 4 - Power consumption 
vs.supply voltage (for 709A) 


Fig. 
7 - 
Input 
offset cur- 
rent vs.ambient temperature 
(for 709A) r 
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t 


Fig. 2 - Output voltage swing 
vs. supply voltage (for 709A) 
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Fig. 5 -Output 
voltage swing 
vs. load resistance(for 709A) 


Fig. 8 - Transient response 
test circuit 


Fig. 
3 - 
Input 
common 
mode voltage range vs. sup- 
ply voltage (for 709A) 
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Fig. 
6 - Input bias current 
vs. ambient temperature (for 
709A) 
.~, 
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Fig. 9 - Transient response 
(for 709A) 
-~. 
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Fig. 10 - Slew rate vs. closed 
loop gain using recommend- 
ed compensation 
networks 
(for 
709A) 


Fig.13 - Voltage gain vs. sup- 
ply voltage (for 709C) 
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Fig.11 - Voltage gain vs. supl- 
ply voltage (for 709) 
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Fig. 14 - Input bias current 
vs. ambient temperature (for 
709C) 


Frequency compensation for all types 


Fig. 
16 
- 
Open loop 
fre- 
Fig. 
17 - 
Frequency 
com- 


quency response for various 
pensation circuit 


values of compensation 


Fig. 12- Output voltage swing 
vs. supply voltage (for 709 
and 709C) 
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Fig. 15 - Input 
offset cur- 


rent vs.ambient temperature 
(for 709C) 


Fig. 18 - Frequency respon- 
se for 
various closed loop 
gains 
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Fig. 19 - Output 
short 
circuit 
protection 
Fig. 
20 
- 
Input 
breakdown 
protection 


Fig. 22 - Supply 
overvoltage 


protection 
r" 


LS776 
LS776C 
LINEAR 
INTEGRATED 
CIRCUITS 


PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


• 
MICROPOWER CONSUMPTION 
• 
INTERNALLY 
FREQUENCY 
COMPENSATION 
• 
OFFSET NULL CAPABI L1TY 
• 
SHORT CI RCUIT PROTECTION 
• 
LOW INPUT BIAS CURRENTS 
• 
LOW NOISE 


The 
LS 776 
is a programmable 
operational 
amplifier 
available in three different 
packages (TO-99, 
Minidip 
and 
SO-B micropackagel. 
High input impedance, low supply currents and low input noise over 
a wide range of operating supply voltages coupled with 
programmable electrical characteristics, make it 
an extremely 
versatile amplifier 
for use in high accuracy, low power consumption 
analog applications. 


Input 
noise voltage and current, 
power consumption 
and input 
current 
can be optimized 
by a single 
resistor d current 
soUrce that sets the quiescent current for nanowatt power consumption 
or for charac- 
teristics similar to the LS 141. Internal frequency compensation, 
absence of "latch-up", 
high slew rate 
and short circuit 
current 
protection 
assure ease of use in long interval 
integrators, 
active filters 
and 
sample and hold circuits. 
The LS 776 is available with hermetic gold chip (BOOOSeries). 


Vs 
Vi 
(1) 
[:,vi 
VSET 
ISET 
Top 


Supply voltage 
Input voltage 
Differential 
input voltage 
Maximum voltage to ground at ISET 
Maximum current at ISET 
Operating temperature 
for LS 776 
for LS 776 C 
Output short circuit 
duration 
(2) 
Power dissipation at Tamb= 
70 °C 
Storage and junction 
temperature 
520 mW 
-65 to 150 °C . 


±18V 
±15V 
± 30V 
Vs -2V to Vs 
500JJ.A 
-55 to 125 °C 
o to 70 °C 
indefinite 
665 mW 
-55 to 150 °C 
400 mW 
-55 to 150 °C 


1) 
For supply 
voltage 
less than 
± 15V, input 
voltage 
is equal to the supply 
voltage 
2) 
The short 
circuit 
duration 
is limited 
by thermal 
dissipation 


LS776 
LS776C 


CONNECTION 
DIAGRAMS AND ORDERING NUMBERS 
(top views) 


INVERTING 
INPUT_ 


=RTING 
I~T. 'D's" 


2 
7 
Vs 


J 
'''"'''''' 


4 
OF~~Z 


INVERTING 
INPUT~ 


""" 
INVERTING 
INPUT. ~D,':: 


) 
6 ()JfPUT 


OFFSET 
4 
HULL 


!>·lQl 


Type 
TO-99 
Minidip 
50-8 


LS 776 
LS 776T 
- 
- 


LS 776C 
LS 776CT 
LS 776 CB 
LS 776CM 


LS 8776 
- 
- 
LS 8776M 


LS 8776C 
-- 
- 
LS8776CM 


5 


OFFSET 
NULL 


max. I 
155 °C/W 
120°C/W 
200* °C/W 


I 
TO-99 


LS716 
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ELECTRICAL 
CHARACTERISTICS 
for LS 776 


(V s= ± 15V, Tamb= 
25°C unless otherwise specified) 


ISET= Hi jJA 
ISET= 15 jJA 


Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


VOS 
Input offset voltage 
Rg <;;10 kD. 
2 
5 
2 
5 
mV 


'os 
Input offset current 
Rg <;;10 kD. 
07 
3 
2 
15 
nA 


Ib 
Input 
bias current 
2 
7.5 
15 
50 
nA 


Rj 
Input resistance 
50 
5 
MD. 


Cj 
Input capacitance 
2 
2 
pF 


tWos 
Input offset voltage 
9 
18 
mV 


adjustment range 


Gv 
Large signal voltage gain 
RL;> 75 kD. 
Va= 
± 10V 
106 
112 
dB 


RL;> 
5 kD. 
Va= ± 10V 
100 
112 
dB 


Ra 
Output 
resistance 
5 
1 
kD. 


150 
Output short-<:ircuit 
3 
12 
mA 


current 


Is 
Supply current 
20 
25 
160 
180 
jJA 


Ps 
Power consumption 
0.75 
5.4 
mW 


Transient 
response 
Vj = 20 m V 
RL;> 5 kD. 
(unity gain) 
CL= 100 pF 


Rise 
time 
tr 
1.6 
0.35 
jJS. 


Overshoot t, Va 
0 
10 
% 


SR 
Slew rate 
RL;> 5 kD. 
0.1 
0.8 
V/jJs 


Va 
Output voltage swing 
RL;> 75 kD. 
± 12 
± 14 
V 


RL;> 
5 kD. 
± 10 
± 13 
V 


The following 
specifications apply for Tamb= 
-55 to 125°C 


Vos 
Input offset voltage 
Rg<;;10kD. 
6 
6 
mV 


los 
Input offset current 
Tamb= 125°C 
5 
15 
nA 


Tamb= -55°C 
10 
40 
nA 


Ib 
Input 
bias current 
Tamb= 125°C 
7.5 
50 
nA 


Tamb= -55°C 
20 
120 
nA 


Vj 
Input voltage range 
+ 10 
± 10 
V 


CMR 
Common mode rejection 
Rg <;;10 kD. 
70 
90 
70 
90 
dB 


SVR 
Supply voltage rejection 
Rg<;;10kD. 
76 
92 
76 
92 
dB 


Gv 
Large signal voltage gain 
RL;> 75 kD. 
Va~ ± 10V 
100 
98 
dB 


Va 
Output voltage swing 
RL;> 75 kD. 
± 10 
± 10 
V 


Is 
Supply current 
30 
200 
jJA 


Ps 
Power 
consumption 
0.9 
6 
mW 


LS776 
LS776C 


ELECTRICAL 
CHARACTERISTICS 
for LS 776 
(Vs= ± 3V, Tamb= 25°C unless otherwise specified) 


ISET= 
1.51iA 
ISET= 
15liA 


Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vas 
Input offset vol tage 
Rg"; 10 kn 
2 
5 
2 
5 
mV 


10S 
Input offset current 
0.7 
3 
2 
15 
nA 


Ib 
Input bias current 
2 
7.5 
15 
50 
nA 


Rj 
Input resistance 
50 
5 
Mn 


Ci 
Input capacitance 
2 
2 
pF 


l;VOS 
Input offset voltage 
9 
18 
mV 


adjustment range 


Gv 
Large signal voltage gain 
RL> 75 kn 
Vo~ ± 1V 
94 
106 
d8 


RL> 
5 kn 
Vo= ± 1V 
94 
106 
dB 


Ro 
Output resistance 
5 
1 
kn 


Isc 
Output short-circuit 
3 
5 
mA 


current 


Is 
Supply current 
13 
20 
130 
160 
IiA 


Ps 
Power consumption 
78 
120 
780 
960 
IiW 


Transient response 
Vi = 20 mV 
RL> 5 kn 


(unity gain) 
CL";100pF 


Rise time tr 
3 
0.6 
liS 


Overshoot/; Vo 
0 
5 
% 


SR 
Slew rate 
RL> 5 kn 
0.03 
0.35 
V!IiS 


The following specifications 
apply for Tamb= -55 to 125°C 


vAS 
Input offset voltage 
Rg"; 10 kn 
6 
6 
mV 


10S 
Input offset current 
Tamb= 125°C 
5 
15 
nA 


Tamb= -55°C 
10 
40 
nA 


Ib 
Input bias current 
Tamb= 125°C 
7.5 
50 
nA 


Tamb= -55°C 
20 
120 
nA 


Vi 
Input voltage range 
± 1 
± 1 
V 


CMR 
Common mode rejection 
Rg"; 10 kn 
70 
86 
70 
86 
dB 


SVR 
Supply voltage rejection 
Rg"; 10 kn 
76 
92 
76 
92 
dB 


Gv 
Large signal voltage gain 
RL> 75 kn 
Vo= ± lV 
88 
dB 


RL> 
5 kn 
Vo= ± lV 
88 
dB 


Vo 
Output voltage swing 
RL> 75 kn 
± 2 
± 2.4 
V 


RL> 
5 kn 
± 1.9 
± 2.1 
V 


Is 
Supply current 
25 
180 
IiA 


Ps 
Power consumption 
150 
1080 
I1W 


LS776 
LS776C 


ELECTRICAL 
CHARACTERISTICS 
for LS 776C 
(V,= ± 3V, Tamb= 25°C unless otherwise specified) 


ISET= 1.51lA 
ISET= 151lA 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


VOS 
Input offset voltage 
Rg<;10kS1 
2 
6 
2 
6 
mV 


10S 
Input offset current 
0.7 
6 
2 
25 
nA 


Ib 
Input bias current 
2 
10 
15 
50 
nA 


Ri 
Input 
resistance 
50 
5 
MS1 


Cj 
Input capacitance 
2 
2 
pF 


!1VOS 
Input offset voltage 
9 
18 
mV 
adjustment range 


Gv 
Large signal voltage gain 
RL," 75 kS1 
Vo;±lV 
88 
106 
dB 


RL," 
5 kS1 
Vo" ± lV 
88 
106 
dB 


Ro 
Output resistance 
5 
1 
kS1 


Isc 
Output short-circuit 
3 
5 
mA 
current 


I, 
Supply current 
13 
20 
130 
170 
IlA 
- 
Ps 
Power consumption 
78 
120 
780 
1020 
IlW 


Transient 
response 
Vi; 
20 m V 
RL," 5 kS1 
(unity gain) 
CL <; 100 pF 


Rise time tr 
3 
0.6 
IlS 


Overshoat !1V 0 
0 
5 
% 


SR 
Slew rate 
RL," 5 kS1 
0.03 
0.35 
V!IlS 


The following specifications apply for Tamb= 0 to 700e 


Vos 
Input offset voltage 
Rg<;10kS1 
7.5 
7.5 
mV 


105 
Input offset current 
Tamb; 70°C 
6 
25 
nA 


Tamb; 
O°C 
10 
40 
nA 


Ib 
Input bias current 
Tamb; 
70°C 
10 
50 
nA 


Tamb~ O°C 
20 
100 
nA 


Vi 
Input voltage range 
± 1 
± 1 
V 


CMR 
Common mode rejection 
Rg<;10kS1 
70 
86 
70 
86 
dB 


SVR 
Supply voltage rejection 
Rg<;-10kS1 
74 
92 
74 
92 
dB 


Gv 
Large signal voltage gain 
RL," 75 kS1 
Vo~ ± lV 
88 
dB 


RL," 
5 kS1 
Vo;±lV 
88 
dB 


Vo 
Output voltage swing 
RL'" 75 kS1 
± 2 
± 2.4 
V 


RL," 
5 kS1 
±2 
± 2.1 
V 


Is 
Supply current 
25 
180 
IlA 


Ps 
Power consumption 
150 
1080 
IlW 


LS776 
LS776C 


ELECTRICAL 
CHARACTERISTICS 
for LS 776C 
(Vs= ± 15V, Tamb= 25°C unless otherwise 
specified) 


ISET= 
1.5/lA 
ISET= 
15/lA 
Parameter 
Test conditions 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


VOS 
Input offset voltage 
Rg<;; 10 kn 
2 
6 
2 
6 
mV 


105 
Input offset current 
0.7 
6 
2 
25 
nA 


Ib 
Input bias current 
2 
10 
15 
50 
nA 


Ri 
Input resistance 
50 
5 
Mn 


Ci 
Input capacitance 
2 
2 
pF 


l',vOS 
Input offset voltage 
9 
18 
mV 
adjustment range 


Gv 
Large signal voltage gain 
RL> 75 kn 
Vo~ ± 10V 
94 
112 
dB 


RL> 
5 kn 
Vo~ ± 10V 
94 
112 
dB 


Ro 
Output resistance 
5 
1 
kn 


Isc 
Output short-circuit 
3 
12 
mA 
current 


Is 
Supply current 
20 
30 
160 
190 
/lA 


Ps 
Power consumption 
0.9 
5.7 
mW 


Transient 
response 
Vi ~ 20 mV 
R L > 5 kn 
(unity gain) 
CL<;; 100 pF 


Rise 
time 
tr 
1.6 
0.35 
/lS 


Overshoot l',v 0 
0 
10 
% 


SR 
Slew rate 
RL> 5 kn 
0.1 
0.8 
V//ls 


Vo 
Output voltage swing 
RL> 75 kn 
± 12 
± 14 
V 


RL;;> 
5 kn 
± 10 
± 13 
V 


The following 
specifications 
apply 
for 
Tamb= 0 to 70°C 


Vos 
Input offset voltage 
Rg<;; 10 kn 
7.5 
7.5 
mV 


105 
Input offset current 
Tamb~ 7ifC 
6 
25 
nA 


Tamb~ O°C 
10 
40 
nA 


Ib 
Input bias current 
Tamb= 70nC 
10 
50 
nA 


Tamb= O°C 
20 
100 
nA 


Vi 
Input voltage range 
± 10 
± 10 
V 


CMR 
Common mode rejection 
Rg<;; 10 kn 
70 
90 
70 
90 
dB 


SVR 
Supply voltage rejection 
Rg<;; 10 kn 
74 
92 
74 
92 
dB 


Gv 
Large signal voltage gain 
RL;;> 75 kn 
Vo= ± 10V 
94 
94 
dB 


Vo 
Output voltage swing 
RL;;> 75 kn 
± 10 
± 10 
V 


Is 
Supply current 
35 
200 
/lA 


Ps 
Power consumption 
1.05 
6 
mW 


LS776 
LS776C 


Fig. 1 - 
Input 
bias 
current 
Fig. 2- 
Input 
bias 
current 
Fig. 3- 
Input offset 
current 
vs. set current 
vs. 
ambient 
tem- 
vs. 
ambient 
tem- 
perature 
perature 
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Fig. 4 - 
Change 
in input 
oU- 


set 
voltage 
vs. 
set 
current 


Fig. 7 - 
Input 
noise 
voltage 


and current 
vs. fre- 
quency 


Fig. 5 - 
Change 
in input 
off- 


set 
voltage 
vs. am- 


bient 
temperature 
(unnulled) 
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Fig. 8 - 
Input 
noise current 
vs. set cu rrent 


Fig. 6 - 
Input 
noise 
voltage 
vs. set current 


Fig.9 
- 
Optimum 
source 
re- 
sistance 
for 
mini- 
mum 
noise 
vs. 
set 
current. 


LS776 
LS776C 


Fig. 10- Output 
voltage 
swi ng 
vs. 
load 
re- 
sistance 


Fig. 13 - Open 
loop 
voltage 
gain 
vs. 
ambient 
temperature 


Fig. 16 - Common 
jection 
current 


mode 
re- 
vs. 
set 


Fig. 11 - Output 
voltage 
swing 
vs. 
supply 
voltage 
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Fig. 12 - Gain 
bandwidth 
product 
vs. 
set 
current 


Fig. 15 - Open 
loop 
voltage 


gain 
vs. set current 


Fig. 14 - Open 
loop 
voltage 
gain 
vs. 
ambient 
temperature 


Fig. 18 - Supply 
current 
vs. 
ambient 
tempera- 
ture 
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Fig. 17 - Supply 
jection 
current 


voltage 
re- 
vs. 
set 


LS776 
LS776C 


Fig. 19 - Standby 
supply 
current 
VS. 
set 
current 


Fig. 20 - Slew 
rate 
VS. 
set 
current 
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Fig. 21 - Voltage 
follower 
transient 
response 


(unity 
gain) 
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Fig. 24 - High 
input 
impedance 
amplifier 
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TYPICAL APPLICATIONS 
(continued) 


Fig. 25 - Multiplexing 
and signal conditioning 
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1AA550 
18A271 
LINEAR 
INTEGRATED 
CIRCUITS 


VOLTAGE 
STABILIZER 


• 
LOW TEMPERATURE 
COEFFICIENT 
• 
LOW ZENER 
RESISTANCE 


The TAA 550/TBA 
271 are monolithic 
integrated 
voltage 
stabilizers 
in a TO-18 
two pins metal 
case. 


They 
are especially 
designed 
as voltage 
supplies 
for varicap 
diodes 
in television 
tuners. 


The T AA 550/TBA 
271 are suppl ied in 3 groups 
of stabil ized voltage 
identified 
by a letter 
after 
the code. 


Zener 
current 
at T case ~ 70° 


Storage 
temperature 
Operating 
junction 
temperature 


15 
-20 to 150 
o to 150 


ORDERING 
NUMBERS: 
TAA 550 A or 
TBA 271 A 
(for Vz range-: 
30-32Vl 
TAA 550 B or 
TBA 271 
B 
(for Vz range 
32-34Vl 
T AA 550 C 
or 
TBA 271 C 
(for Vz range 
: 34-36Vl 


1AA550 
18A271 


CONNECTION 
DIAGRAM 


(bottom view) 


1 'DC 
5mA 
t 
lAC 
O.SmA 


f = 1 KH;, 


TAA550 
T8A271 


Rth 
j·case 


Rth j-amb 
Thermal 
resistance 
junction-case 
Thermal 
resistance 
junction-ambient 
150 °C/W 
400 °C/W 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vz 
Zener voltage 
Iz 
= 5 mA (circuit No. 1) 


for TAA 550 A/TBA 
271 A 
30 
31 
32.2 
V 


for TAA 550 B/TBA 271 B 
32 
33 
34.2 
V 


forTAA 
550 C/TBA 271 C 
34 
35 
36 
V 


rz 
Zener dynamic 
resistance 
Iz 
= 5mA 
lAC = 0.5 mA 
f 
= 
1 kHz (circuit No.2) 
10 
25 
n 


I'>Vz 
Temperature coefficient 
Iz 
= 5mA 


I'>Tamb 
I'>Tamb = 0 to 50 0 C 
-3.2 
+ 1.6 
'r'vrc 


Fig. 
1 
- 
Zener 
dyngmic 


resistance 
vs. current 
Fig. 
2 - Temperature 
coef- 


ficient 
vs. current 


~v, 


JT •••• 
b 


(mV/°C) 


'2 


, 
I 


I 


\ 


I 


-...... .•... 


tNz 
(t) 
. 
Fig.3 
- 
---- 
vs time 
6.Vz (=) 


LINEAR 
INTEGRATED 
CIRCUIT 
1AA611A 


• 
LOW DISTORTION 
• 
LOW QUIESCENT 
CURRENT 
• 
SELF 
CENTERING 
BIAS 
• 
HIGH INPUT IMPEDANCE 


The TAA 
611A 
is a monolithic 
integrated 
circuit 
in a 14-lead quad in-line 
plastic package or in a 


TO-lOa 
metal case. 


It is particularly 
designed for 
use in radio receivers and record-players 
as audio amplifier. 
The usable 


range of supply voltage varies from 
6V to 12V and the circuit 
requires a minimum 
number of external 


components. 


DC supply voltage 
Input voltage 
Output 
peak current 
(repetitive) 
Power dissipation at Tamb= 25DC 


at Tease = 70 


DC 
Storage and junction 
temperature 


12 V 
Vs 
1 A 
1.35 W 
0.57 W 
3.1 W 
1.6W 
-40 to 150 DC 


ORDERING 
NUMBERS: 
TAA 611 A55 (for TO-lOa 
metal case) 
TAA611 
A12 (for quad in-line plastic package) 


TAA611A 


BOOTSTRAP 
V, 


NC 
NC 


COMPo 
OUT 


COMPo 
NC 


FEED-BACK 
GND 


NC 
NC 


IN 
GND 


SCHEMATIC 
DIAGRAM 


(Pin numbers 
in brackets 
are referred 
to the 
plastic 
package). 


lAA611A 


r-- 


INO 


Q 


220 
~ 


Kil 


1- 


Rth j-case 
Rth j-amb 
50°C/W 
220°C/W 
Thermaf 
resistance 
junction-case 


Thermal 
resistance 
junction-ambient 
16°C/W 
93°C/W 


TAA611A 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, Vs= 9V, refer to the application 
circuit no. 


2 unless otherwise specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Quiescent output voltage 
4.8 
V 


Id 
Total quiescent drain current 
3 
mA 


Id 
Quiescent drain current of 
1 
mA 
output transistors 


Id 
Drain current 
Po = 1.15W 
RL- 8n 
170 
mA 


Ib 
Input 
bias current 
0.1 
0.8 
I'A 


Po. 
Output power 
d - 2% 
f - 1 kHz 


Vs = 6V 
RL= 4n 
0.50 
W 
RL= 8n 
0.35 
W 


Vs = 9V 
RL= 4n 
1.4 
W 
RL= 8n 
0.9 
W 


d 
10% 
f 
1 kHz 


Vs =6V 
RL= 4n 
0.65 
W 
RL = 8n 
0.45 
W 


Vs = 9V 
RL= 4n 
1.8 
W 
RL= 8n 
0.85 
1.15 
W 


Rt 
Internal feedback resistance 
7.5 
kn 
(seeschematic diagram) 


Zj 
Input impedance (open loop) 
5 
Mn 


d 
Distortion 
Application 
circuit 
1 
Po = 50 mW 
RL= 8n 
f = 1 kHz 
0.4 
% 


Po = 0.5W 
RL=8n 
0.3 
% 


Application 
circuit 2 
Po = 50 mW 
RL = 8n 
f = 1 kHz 
1.7 
% 


Po = 0.5W 
Vs = 9V 
RL= 8n 
f = 1 kHz 
1.2 
% 


Gv 
Voltage gain (open loop) 
RL-8n 
68 
dB 


Fig. 1 - Output 
power vs. 
load resistance 
Fig. 2 - Output 
power vs. 


load resistance 
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1AA6118 
LINEAR 
INTEGRATED 
CIRCUIT 


• 
LOW DISTORTION 
• 
LOW QUIESCENT CURRENT 
• 
SELF CENTERING 
BIAS 
• 
HIGH INPUT IMPEDANCE 


The TAA 611 B is a monolithic 
integrated circuit in a 14-lead quad in-line plastic package. 
It is particularly 
designed for use in radio receivers and record-players 
as audio amplifier. 
The usable 
range of supply voltage varies from 6V to 15V and the circuit 
requires a minimum 
number of external 
components. 


DC Supply voltage 
Input voltage 
Output peak current (repetitive) 
Power dissipation at Tamb= 25°C 
at Tease= 70°C 
Storage and junction 
temperature 


15 
-0.5 to 15 
1 
1.35 
3.1 
-40 to 150 


I 5.oB I 
10-16--. 


lAA6118 


CONNECTION DIAGRAM 
(top view) 


lAA6118 


50/LF/bV I~ 


R1h j:case 


R1h j-amb 


Thermal resistance junction-case 
Thermal resistancejunction-ambient 


max 
max 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 


(Tamb = 25°C, refer to the application circuit no. 2 unless otherwise specified) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Quiescent 
output 
voltage 
V 
= 9V 
4.8 
V 
s 
V 
= 
12 V 
6.3 
V 
s 


Id 
Total 
quiescent 


drain 
current 
V 
= 9V 
3 
mA 
s 
V 
= 
12 V 
3.5 
mA 
s 


Id 
Quiescent 
drain 
current 


of output 
transistors 
Vs = 9 V 
1 
mA 


V 
= 
12 V 
1.2 
mA 
s 


Id 
Drain 
current 
RL = an 
p 
= 
1.15W 
V 
= 9V 
170 
mA 
0 
s 


p 
= 2.1 W 
V 
= 
12 V 
235 
mA 
0 
s 


Ib 
I nput 
bias current 
V 
= 9V 
60 
nA 
s 


V 
= 
12 V 
0.1 
1 
I"A 
s 


TAA611B 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Po 
Output power 
d 
= 2% 
f 
= 
1 kHz 
V 
= 9V 
RL= 
811 
U.9 
W 
s 


V 
~ 12 V 
RL= 
811 
1.7 
W 
s 


d 
= 
10% 
f 
= 1 kHz 
V 
~ 9V 
RL= 
811 
1.15 
W 
s 
V 
~ 12 V 
RL= 
811 
1.5 
2.1 
W 
s 


Rf 
Internal feedback 
resistance (see 
schematic diagram) 
7.5 
kl1 


Zj 
Input impedance 
open loop 
5 
MI1 


d 
Distortion 
Applic. Circuit 
1 
RL= 
811 
f 
= 
1 kHz 
P 
= 50mW 
V 
= 9V 
0.4 
% 
0 
s 


P 
= 50mW 
V 
= 
12 V 
0.3 
% 
0 
s 


P 
= 0.5W 
V 
= 9V 
0.3 
% 
0 
s 
P 
= 
1W 
V 
= 
12 V 
0.2 
% 
0 
s 


Applic. 
Circuit 
2 
RL ~ 811 
f 
= 
1 kHz 
P 
= 50mW 
V 
= 9V 
1.7 
% 
0 
s 


P 
= 50mW 
\I s = 
12 V 
1.5 
% 
0 
P 
= 0.5W 
Vs ~ 9 V 
1.2 
% 
0 
P 
~ 1W 
V 
= 12 V 
1 
% 
0 
s 


Gv 
Voltage gain 
(open loop) 
RL= 
811 
V 
= 12 V 
70 
dB 
s 


Fig. 1 - Output 
power 
vs 
load resistance 
Fig. 2 - Output 
power 
vs 
load resistance 
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TAA611C 


LINEAR 
INTEGRATED 
CIRCUIT 


• 
LOW DISTORTION 
• 
LOW QUIESCENT 
CURRENT 
• 
SELF 
CENTERING 
BIAS 
• 
HIGH 
INPUT 
IMPEDANCE 


The TAA 
611C 
is a monolithic 
integrated 
circuit 
in a 14-lead 
quad 
in-line 
power 
plastic 
package. 


It is particularly 
designed 
for 
use as audio 
amplifier 
in radio 
receivers, 
record 
players 
and 
portable 
TV 
sets. 
The 
usable 
range 
of 
supply 
voltage 
varies 
from 
6 to 
18V, 
and 
the 
circuit 
requires 
a minimum 
number 
of external 
components. 


The 
package 
has very 
low 
thermal 
resistance. 
To 
decrease 
the 
thermal 
resistance 
further 
an external 
heatsink 
can easily be mounted 
by means 
of ordinary 
hardware. 


Supply 
voltage 
Operating 
supply 
voltage 
Input 
voltage 
Output 
peak current 
(repetitive) 
Power 
dissipation 
at Tamb = 
25°C 


. 
at T case = 100°C 
Storage 
and junction 
temperature 


22 
18 
-0.5 
to 20 


1 
2 
3.1 
-40 to 150 


ORDERING 
NUMBERS: 
TAA 611 cn 
TAA 611 cn 
(for quad 
in-line 
plastic 
package 
with 
spacer) 
(for quad 
in-line 
plastic 
package 
with 
inverted 
external 
bar) 


TAA611C 


CONNECTION 
DIAGRAM 


(top view) 


INO~ 
220 
Kfi 


TAA611C 


Rth j-case 


Rthj-amb 
Thermal 
resistance 
junction-case 
Thermal 
resistance 
junction-ambient 
16 °C/W 
93 °C/W 
16 °C/W 
63 °C/W 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
refer 
to 
the 
application 
circuit 
of 
fig. 
1 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Quiescent output 
V 
= 12 V 
6.3 
V 
5 
voltage 
V 
= 15 V 
7.9 
V 
5 


Id 
Total quiescent 
V 
= 12 V 
3.5 
mA 
5 
drain 
current 
V 
= 15 V 
4 
mA 
5 


Id 
Quiescent drain current 
V 
= 
12 V 
1.2 
mA 
5 
of output 
transistors 
V 
= 15 V 
1.a 
mA 
5 


Id 
Drain 
current 
V 
= 12 V 
P 
= 2.1 W 
235 
mA 
5 
0 


V 
= 15 V 
Po=3.3W. 
300 
mA 
5 


Ib 
I nput bias current 
V 
= 12 V 
75 
nA 
5 
V 
= 15 V 
0.1 
1 
!LA 
5 
--- 
P • 
Output 
power 
d 
= 2% 
f 
= 1 kHz 
0 


V 
= 9V 
RL= 
4n 
1.4 
W 
5 


RL= 
an 
0.9 
W 


V 
= 12 V 
RL= 
an 
1.7 
W 
5 


RL= 
an 
2.a 
W 
V 
= 15 V 
RL= 
16 n 
1.6 
W 
5 


d 
= 10% 
f 
= 1 kHz 
V 
= 9V 
RL= 
4n 
1.a 
W 
5 


RL= 
an 
1.15 
W 


V 
= 12 V 
RL= 
an 
2.1 
W 
5 


V 
= 15 V 
RL= 
an 
2.5 
3.3 
W 
5 


RL= 
16 n 
1.9 


R f 
I nternal 
feedback 
resistance 
(seeschematic diagram) 
7.5 
Kn 


Zj 
Input impedance 
open loop 
5 
Mn 


d 
Distortion 
RL= 
an 
f 
= 1 kHz 
V 
= 12 V 
P 
= 50mW 
0.3 
% 
5 
0 
V 
= 
15 V 
P 
= 50mW 
0.3 
% 
5 
0 
V 
= 12 V 
P 
= 1W 
0.2 
% 
5 
0 
V 
= 15 V 
P 
= 1W 
0.2 
% 
5 
0 


Gv 
Voltage gain (open loop) 
V 
= 15 V 
RL= 
an 
72 
dB 
5 


TAA621 


LINEAR 
INTEGRATED 
CIRCUIT 


4W 
AUDIO 
AMPLIFIER 


• 
SELF 
CENTERING 
BIAS 
• 
LOW QUIESCENT 
OUTPUT 
CURRENT 
• 
NO CROSS 
OVER 
DISTORTION 
• 
HIGH EFFICIENCY 


The 
TAA 621 
is a monolithic 
integrated 
circuit 
in a 14-lead 
quad 
in-line 
plastic 
package 
with 
or without 
external 
bar. 
It is particularly 
designed 
for use in television 
sets as audio 
amplifier. 


Special 
features 
of the circuit 
include: 


- 
Self centering 
bias for any supply 
voltage 
from 
6 to 24V. 
- 
Direct 
coupled 
high impedance 
input 
and high supply 
voltage 
rejection. 


The 
package 
has 
very 
low 
thermal 
resistance. 
To 
decrease 
the 
thermal 
resistance 
further, 
an external 
heatsink 
can easily 
be mounted 
by means 
of ordinary 
hardware. 


DC supply 
voltage 
Input 
vo Itage 
Output 
peak 
current 
(repetitive) 
Power 
dissipation 
at Tamb= 
25°C 
at Tease = 70 °C 
Storage 
and junction 
temperature 


27 
Vs 
1 
2 
4.5 
-40 to 150 


ORDERING 
NUMBERS: 
TAA 621 A72 
(for quad 
in-line 
plastic 
package 
with 
spacer) 
TAA 621 
A 11 (for quad 
in-line 
plastic 
package 
with 
inverted 
external 
bar) 


••• 
11 
-... 


r·F~:L~ 


';;Q8'; I- 


.•.• 
10.16_ 


C·OO5' 


lAA621 


CONNECTION 
AND 
SCHEMATIC 
DIAGRAMS 
(top view) 


OUTPUT 
I' 
SUPPLY 
VOL 
TAr,F 


NC 
IJ 
NC 


GND 
11 
COMPENSATION 


NC 
II 
NC 


GND 
10 
FEED- 
BACK 


NC 
b I 
NC 


INPUl 
7q 
8 
RIPPLE 
BY 
PASS 


_.vs 
100 
",F 
30V 


lAA621 


Rth 
j-case 
Rth j-amb 


Thermal 
resistance 
junction-case 


Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C 
unless 
otherwise 


specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


loj 
Total quiescent drain current 
Vs=18V 
6.2 
mA 
Vs = 24V 
7.5 
mA 


Id 
Quiescent drain current of 
Vs=18V 
2.5 
mA 
output 
transistors 
Vs = 24V 
3 
mA 


Is 
Drain current 
d = 10% 
RL= 16fl 


Po = 2.2W 
Vs=18V 
175 
mA 


Po = 4W 
Vs = 24V 
220 
mA 


Ib 
Input bias current 
Vs=18V 
180 
nA 
Vs = 24V 
250 
nA 


Po. 
Output power 
d = 2% 
Vs=18V 
RL~ 16fl 
1.7 
W 
Vs = 24V 
RL= 16fl 
2.7 
W 


d = 10% 
Vs=18V 
RL = 16fl 
2.2 
W 
Vs = 24V 
RL= 16fl 
3 
4 
W 


Rf 
Internal feedback resistance 
(seeschematic diagram) 
15 
kfl 


Zi 
Input impedance 
Vs=18V 
f = 1 KHz 
150 
kfl 


Vs ~ 24V 
110 
kfl 


d 
Distortion 
Po = 50 mW 
f = 1 kHz 
RL= 16fl 
Vs=18V 
0.1 
% 


Vs = 24V 
0.1 
% 


Gv 
Voltage gain (open loop) 
RL~ 16fl 
Vs=18V 
72 
dB 
Vs = 24V 
74 
dB 


SVR 
Supply voltage rejection 
RL~ 16fl 
Vs = 24V 


f(riPPlbl ~ 100 Hz 
C6 = 1 O/lf 
52 
dB 


C6 = 50/lF 
46 
dB 


LINEAR 
INTEGRATED 
CIRCUIT 
T8A231A 


• 
SINGLE OR DUAL SUPPLY OPERATION 
• 
LOW NOISE FIGURE 
• 
HIGH GAIN 
• 
LARGE 
INPUT VOLTAGE 
RANGE 
• 
EXCELLENT 
GAIN STABILITY 
VERSUS SUPPLY VOLTAGE 
• 
NO LATCH UP 
• 
OUTPUT SHORT CI RCUIT PROTECTED 


The TBA 
231A 
is a monolithic 
integrated 
dual operational 
amplifier 
in a 14-lead dual in-line 
plastic 
package. 
These low-noise, 
high-gain amplifiers 
show extremely 
stable operating characteristics over a wide range 


of supply voltage and temperatures. 
The device is intended 
for a variety of applicatiors 
requiring two high performance 
operational 
ampli- 
fiers, such as phono and tape stereo preamplifier, 
TV remote control 
receiver, etc. 


Vs 
Vi 
VCM 
Ptot 
Tstg 
Top 


Supply voltage 
Differential 
input voltage 
* Common mode input voltage 
Power dissipation at Tamb 
.;;; 60°C 
Storage temperature 
Operating temperature 


±18 
V 


± 
5 
V 


±15 
V 
500 
mW 
-40 to 150°C 
o to 
70°C 


~ 


~ 


18A231A 


CONNECTION 
DIAGRAM 
(top view) 


OUTPUT 
A 
14 
V 


OUTPUT 
LAG 
A 
2 
13 
OUTPUT 
B 


INPUT LAG 
A 
12 
OUTPUT 
LAG 
8 


INPUT 
LAG 
A 
11 
INPUT 
LAG 
8 


NON INV. INP, A 
5 
'0 
INPUT 
LAG 
B 


INV. INPUT 
A 
9 NON INV. INP. 8 


a 
INV. 
INPUT B 


OUTPUT 
1 
13 


A 
OUTPUT B 


OUTPUT 
2 
12 


LAG 
A 
OUTPUT 
LAG B 


INPUT 
~ 
J 
INPUT 


LAG 
A I . 
'0 
\ LAG B 


TBA231A 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
RL = 
50 
kl1 
to 
pin 
7, unless 
otherwise 
specified,Vs 
= ± 15V) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Id 
Quiescent drain current 
Vo = 0 
9 
14 
mA 


Vos 
Input ollset voltage 
Rg = 20011 
1 
6 
mV 


los 
Input offset current 
50 
1000 
nA 


Ib 
Input 
bias cu rrent 
250 
2000 
nA 


VCM 
Common mode input voltage 
± 10 
± 11 
V 
range 


Rj 
Input resistance 
1=1 
kHz 
37 
150 
kl1 


Gv 
Voltage gain 
Vo = ± 5V 
6500 
20000 
- 


. Vo 
Positive output voltage swing 
+12 
+13 
V 


Vo 
Negative output voltage swing 
-14 
-15 
V 


Ro 
Output 
resistance 
1= 1 kHz 
5 
kl1 


CMR 
Common mode rejection 
Rg = 20011 
70 
90 
dB 


SVR 
Supply voltage rejection 
Rg = 20011 
50 
p.VN 


SR 
Slew rate 
Unity gain 
C1 = 0.1 p.F 
R1 = 4.7l1 
1 
V/p.s 


CS 
Channel separation 
Rg=10kl1 
1=10kHz 
140 
dB 


NF 
Noise ligure 
Rg= 10kl1 
B=10Hzto10kHz 
1.5 
dB 


Fig. 
1 
- 
Output 
voltage 
swing vs. supply 
voltage 


Fig. 2 - Quiescent 
drain 
cur- 


rent vs. supply 
voltage 


Fig. 3 - Open 
loop 
voltage 


gain vs. supply 
voltage 


1842314 


Fig. 4 - Open 
loop 
frequency 


response 
using 
recommeded 
compensation 
networks 


Fig. 7 - Input 
noise 
current 
vs. frequency 


"" 
, 
I 
II 


Vs 
• 15V 


RS 
'OOK 


Fig. 
5 
Output 
voltage 


swing 
vs. frequency 
for vari- 


ous 
compensation 
networks 


Fig. 8 - Closed 
loop gain vs. 


frequency 


~ 


'330 


Rl 
R3 


lKn 
IOOKa 


C2 
330 


~ 


R6..l.. 


I c, Ics 
IOn 


~ 


R2 
R64P-1 


270Kfi 
330 
4.7nF 
4.7nF 
Kn 
C3 


D2nF 


Fig. 6 - Input 
noise 
voltage 


vs. frequency 


, 
Vs"' 
. 
15V 


S 


E r- 


7 


8 


Fig. 9 - Open 
loop 
voltage 
gain vs. temperature 


I 
_ 


Vs 
= • 
15V - 


I 
1KHz 


"""""'r---... 
....•..I'-- ~, 


Rt 
~ - 


R 
1°7 


LINEAR 
INTEGRATED 
CIRCUIT 
18A311 


TV 
SIGNAL 
PROCESSING 
CIRCUIT 


• 
VIDEO 
PREAMPLIFIER 
• 
GATED 
AGC FOR VIDEO 
IF AMPLIFIER 
AND TUNEk 
• 
NOISE INVERTER 
CIRCUIT 
FOR GATING 
AGC AND SYNC. PULSE SEPARATOR 
• 
HORIZONTAL 
SYNC. PULSE SEPARATOR 
• 
BLANKING 
FACILITY 


The TBA 311 is a monolithic 
integrated circuit 
in a 16-lead dual in-line 
or quad in-line plastic package. 
It is intended for use as signal processing circuit 
for black and white and colour television sets. 
The circuit 
is designed for receivers equipped with tubes or transistors in the deflection 
and video output 
stages, and with PNP or NPN transistors in the tuner and NPN in the I F amplifier . 
. Only signals with 
the negative modulation 
can be handled by the circuit. 
The circuit 
is protected against 
short circuit 
between video output 
and ground. 


DC supply voltage 
Power dissipation 
Storage temperature 
Operati ng temperatu re 


16 
V 
500 
mW 
-55 to 125°C 
o to 
70°C 


ORDERING 
NUMBERS: 
TBA 311 
A22 
(for 16-lead quad in-line plastic package) 
TBA 311 
A 17 (for 16-lead dual in-line plastic package) 


18A311 


ORI Z. SYNC. OUTPUT 
16 
GROUND 


PNP TUNER 
AGe 
" 


.•••ERT. 
SYNC 
OUTPuT 


Fl Y BACK PULSE 
.. 
VEAT 
SYNC. TIME 
CONST . 


IF 
AGe 
13 
SYNC 
TIME 
CONSTANT 


SUPPLY 
VOL TAGE 
12 
VIDEO 
OUTPUT 


NPN TUNER AGe 
'1 
BLANI<ING 


TUNER AGe DELAY 
10 
INPUT 
VIDEO 
PREAMP 


NOISE SEPARATOR 
NOISE SEPARATOR 


TIME 
CONSTANT 
TIME CONSTANT 


55 0041 


TBA311 


200rl 0 2000 26I'F 
~t-l 


l.. 
_ 


AGC 
~ 
l+7\:V' 
I 
' 
+ 6OI'F 
I, 


__ 
~OM_AS_~_E 
__ H__ 
:_~_~Z_~._t-- 


•. 
TBA311 


4.7K 
11 
12 
13 
'4 
16 
16 


18A311 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit 
Tamb= 
25°C, 
Vs 


otherwise 
specified) 


Parameter 
Min. 
Typ. 
Max. 
Unit 


Id 
Quiescent drain current 
14 
mA 


R; 
I nput 
resistance 
(pin 
101 
2.7 
kn 


C; 
Input 
capacitance 
(pin 
101 
0.8 
pF 


B 
Bandwidth 
(-3 
dBI 
5 
MHz 


Gv 
Voltage 
gain 
9.5 
dB 


V; 
Peak to peak 
video 
input 
voltage 
(pin 
10) 
(1) 
2 
V 


Vo 
Peak to peak 
video 
output 
voltage 
(pin 
12) 
(2) 
6 
V 


V 
Black 
level at the output 
(pin 
12) 
13) 
5 
V 


10 
Available 
video 
peak 
output 
current 
(4) 
20 
mA 


toVo 
Video 
output 
voltage 
temperature 
drift 
(5) 
1 
mV/oC 
-- 
.6Tamb 


toV 
Black 
level temperature 
drift 
0.2 
mV;oC 


toTamb 


toV 
Black 
level drift 
at the output 
with 
supply 
voltage 
variation 
0.5 
- 


toVs 


V; 
Peak to peak 
input 
voltage 
(pin 
11) 
1 
5 
V 


R; 
Input 
resistance 
(pin 
11) 
1 
kn 


IV 
Control 
voltage 
I F amplifier 
(pin 
4) 
a to 7.5 
I 
V 


V 
Control 
voltage 
tuner 
NPN 
(pin 
6) 
a to 6.5 
V 


PNP (pin 
2) 
12 to 6 
V 


toV; 


Signal 
expansion 
for 
full 
control 
of 
IF amplifier 
and 
tuner 
10 
% 
t;.\/ 


V 
Peak to peak 
keying 
input 
pulse 
(pin 
3) 
(6) 
1 
5 
V 


R; 
Input 
resistance 
(pin 
3) 
2 
kn 


18A311 


Typ. EB 


Vo 
Output voltage of horizontal sync. pulse (pin 11 
8.4 
10 
V 


Zo 
Horizontal output impedance (pin 1) 
100 
n 


Vo 
Output voltage of vertical sync. pulse (pin 15) 
8.4 
9.5 
V 


Zo 
Vertical output impedance (pin 15) 
2 
kn 


NOTES: 
1) Negative going video signal (no pre-bias neededfor the detector!. 
2) Video signal with negativegoing sync. pulse. 
3) Only valid if the video signal is in accordance with the CCIR standard. 
4) Thetotal 
load on pin 12must be such that under nominal conditions 
10"; 
20 mA. 
5) 
Because the integrated circuit reaches 95% of its final working 
temperature 
in 100 seconds, the temperature 
varia- 


tions to be considered are those caused by 
the slower rise in cabinet temperature 
and by changes in room tem- 
perature. 


61 The TBA 311 may be operated unkeyed but then point 3 must be connected to the positive supply line via a resistor 
of suitable value (e.g. 10 knl. 
However, the following consequenceshould be borne in mind: 
The decoupling capacitors at the IF and tuner control points must be larger to prevent ripple voltagesdue to the 
vertical sync pulses. In consequencethe AGC will not follow fast signal fluctuations laircraft flutter!. 


18A331 


LINEAR 
INTEGRATED 
CIRCUIT 


The 
TBA 
331 
is an array 
of 5 monolithic 
NPN transistors 
in a 14-lead 
dual 
in-line 
plastic 
package. 
Two 


transistors 
are internally 
connected 
to form 
a differential 
amplifier. 


The 
transistors 
of the 
TBA 
331 
are well 
suited 
to 
low noise 
general 
purpose 
and 
to a wide 
variety 
of 


applications 
in low power 
systems 
in the 
DC through 
VHF 
range. 
They 
may be used as discrete 
compo- 
nents 
in conventional 
circuits; 
in addition, 
they 
provide 
the 
very 
significant 
inherent 
integrated 
circuit 


advantages 
of close electrical 
and thermal 
matching. 


VCBO 
VeEo 
Vess* 
VEBO 
Ie 
Ptot 
T slg. Tj 
Top 


Collector-base 
voltage 
(I E = 0) 
Collector-emitter 
voltage 
(I B = 0) 
Collector-substrate 
voltage 


Emitter-base 
voltage 
(I e = 0) 
Collector 
current 
Total 
power 
dissipation 
at T amb .;;;;55°C 
Storage 
and junction 
temperature 
Operating 
temperature 


Each 
transistor 
20 
15 
20 
5 
50 
300 
750 
-40 to 150 
o to 
85 


Total 
package 
V 
V 
V 
V 
mA 
mW 


°C 
°C 


* 
The 
collector 
of each 
transistor 
of the TBA 331 is isolated 
from 
the substrate 
by an integrated 
diode. 


The 
substrate 
(pin 
13) must 
be connected 
to the 
most 
negative 
point 
in the external 
circuit 
to main- 


tain 
isolation 
between 
transistors 
and to provide 
for normal 
transistor 
action. 


~ 


.. 
-~~ 


O~5 
2.54 
15.24 
~ 


20ma,o; 
r 
- -l 
~::::::I 


18A331 


12 
13 
subst rate 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


ICBO 
Collector 
cutoff 
current 
(I E = 0) 
VCB 
= 10 V 
0.002 
40 
nA 
1 


'CEO 
Collector 
cutoff 
current 
(I B = 0) 
VCE 
= 10 V 
see 
0.5 
JjA 
2 
curve 


11B1-'B21 
1nput 
offset 
current 
Ic 
= 1 mA 
VCE 
= 3 V 
0.3 
2 
JjA 
7 


18A331 


Parameter 
Test cond itions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


VCBO 
Collector-base 
voltage liE = 0) 
Ic 
= 
1QIlA 
20 
60 
V 
- 


VCEO 
Collector-emitter 
voltage (I B = 0) 
Ic 
= 1 mA 
15 
24 
V 
- 


Vcss 
collector-substrate 
voltage (Icss = 0) 
Ic 
= 
10llA 
20 
60 
V 
- 


VCE (sat) 
Collector-emitter 
saturation voltage 
IB 
= 
1 mA 


Ic 
= 10mA 
0.23 
V 
- 


VEBO 
Emitter-base 
voltage (lc= 0) 
IE 
= 10llA 
5 
7 
V 
- 


VBE 
Base-emitter 
voltage 
IE 
= 1 mA 
VCE 
= 
3V 
0.715 
V 
4 


IE 
= 10mA 
VCE 
= 
3V 
0.8 
V 
4 


IVBErVBE21 
Input offset 
voltage 
Ic 
= 
1 mA 
VCE 
= 3V 
0.45 
5 
mV 
4-6 


\VBE3-VBE41 
Input offset 
voltage 
Ic 
= 1 mA 


VCE 
= 
3V 
0.45 
5 
mV 
4-6 


IVBE4-VBE51 
Input offset 
voltage 
Ic 
= 
1 mA 
VCE 
= 
3V 
0.45 
5 
mV 
4-6 


IVBES-VBE41 Input offset 
voltage 
Ic 
= 1 mA 


VCE 
= 
3V 
0.45 
5 
mV 
4-6 


lIVBE 
Base-emitter 


LIT 
voltage 
Ic 
= 1 mA 
-1.9 
mV/oC 
5 
temperature 
VCE 
= 
3V 


coefficient 


IVBEI-VBE21 
Input offset 


LIT 
voltage 
Ic 
= 
1 mA 
IlV/oC 
temperature 
VCE 
= 
3V 
1.1 
6 


coefficient 


18A331 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit. 
Fig. 


hFE 
DC current 
gain 
Ic 
~ 10mA 
VCE ~ 3V 
100 
- 
3 


IC 
1 mA 
VCE = 3V 
40 
100 
- 
3 


Ic 
10"A 
VCE ~ 3V 
54 
- 
3 


IT 
Transition 
Irequency 
Ic 
= 3mA 
VCE = 3V 
300 
550 
MHz 
14 


NF 
Noise figure 
Ic 
= 
100"A 


VCE = 3V 
I 
= 
1 KHz 


Rg 
= 
1 kn 
3.25 
dB 
8 


Hie 
Input impedance 
Ic 
= 
1 mA 


VCE = 3V 
I 
= 
1 kHz 
3.5 
kn 
9 


hie 
Forward 
current 


transfer 
ratio 
Ic 
= 
1 mA 
VCE ~ 3V 
I 
= 
1 kHz 
110 
- 
9 


hre 
Reverse voltage 


transfer 
ratio 
Ic 
= 
1 mA 
VCE = 3V 
I 
= 
1 kHz 
1.8xl0·< 
- 
9 


hoe 
Output 
admittance 
Ic 
~ 1 mA 
VCE = 3V 
I 
= 
1 kHz 
15.6 
"S 
9 


Yie 
Input 
admittance 
Ic 
~ 1 mA 


VCE = 3V 
I 
~ 1 MHz 
0.3+j0.04 
mS 
11 


Yle 
Forward 
I 
I 


transadmittance 
Ic 
= 
1 mA 
VCE ~ 3V 
I 
= 
1 MHz 
31-j 1.5 
mS 
10 


Yre 
Reverse 


trClnsadmittance 
Ic 
= 
1 mA 
VCE = 3V 
I 
= 
1 MHz 
see curve 
mS 
13 


TBA331 


Parameter 
Test Conditions 
Min. 
Typ. 
Max. 
Unit. 
Fig. 


Yre 
Output 
admittance 
Ic 
= 1 mA 
VCE = 3V 
f 
= 1 MHz 
0.001+jO.03 
mS 
12 


CEBO 
Emitter-base 
capacitance 
Ic 
= a 
VES ~ 3V 
0.6 
pF 
- 


CCBo 
Collector-base 
capacitance 
IE 
= a 
VCS = 3V 
0.58 
pF 
- 


Ccss 
Collector-sustrate 
capacitance 
IC 
= a 
Vcss~ 
3V 
2.8 
pF 
- 


Fig. 
1 - 
Collector 
cutoff 
current vs ambient tempera- 
ture 


Fig. 2 - DC current gain vs. 
emitter current. 


Fig. 3 - Input voltage and 
input offset voltage vs. emit- 
ter current 


H'O 


O. 


10 
80 
0.' 


0.' 


10' 
'0 
0.8 


10' 
.0 


10 
.0 
'0 
80 
100 Tamtf'C) 
'0' 
10-' 
IE 
(mAl 
10' 


Fig. 4 - Input characteristic 
for each transistor 


IE~ 
3mA 


lmA 
O'mA 


Fig. 5 - Input offset voltage 
vs. ambient temperatur;",,,, 


Fig. 6 - Input offset current 
for matched transistor 
pair 


1'8"'B1r. 


(/-,o6,) 
• 


18A331 


Fig. 7 - Noise figure vs col- 
lector current 


- 
'ICE: 
)V 


Fl':':1k{} 


I 
= 01 ~Hz 


.~ 


1 kHz 
/ 


10kHz 


Fig. 
12 
- 
Transition 
fre- 


quency 


T8A435 


LINEAR 
INTEGRATED 
CIRCUIT 


8.5V 
FIXED 
VOLTAGE 
REGULATOR 


• 
OUTPUT 
CURRENT;;' 
100 mA 


• 
LOAD 
REGULATION"; 
1% 


• 
RIPPLE 
REJECTION 
57 dB TYPICAL 
• 
OVERLOAD 
AND SHORT 
CIRCUIT 
PROTECTION 


The 
TBA 435 
is an integrated 
monolithic 
8.5V 
voltage 
regulator 
in TO-39 
metal 
case which 
can supply 


more 
than 
100 mA. 
The device 
features 
high temperature 
stability, 
internal 
overload 
and 
short 
circuit 


protection, 
low output 
impedance 
and 
excellent 
transient 
response. 
The TBA 435 
is intended 
for use in 
consumer 
and industrial 
applications. 


Input 
voltage 
Power 
dissipation 
at Tamb= 25°C 
at Tease = 25°C 
Storage 
temperature 
Junction 
temperature 
Operating 
temperature 


20 


0.75 


4 
-55 to 150 
175 
o to 
70 


/ 


GROUND 


TBA435 


Rth j-case 
Rth 
j-amb 


Thermal resistance junction-case 
Thermal resistance junction-ambient 
37.5 
200 


°C/W 
°C/W 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Output voltage 
Vi ~ 11.5V to 20V 
10= 5 mA 
CL=10"F 
8.1 
8.5 
8.9 
V 


t,vo 
Load regulation 
Vi = 11.5V to 20V 
v;;- 
10~5mAt0100mA 
CL=10"F 
0.3 
1 
% 


10 
Regulated output current 
Vi~ 15V; 


t,vo 
100 
140 
---~1% 
mA 
Vo 


10 
Max. 
output 
current 
Vi = 15V 
130 
150 
200 
mA 


Ro 
Output 
resistance 
Vi ~ 15V 
10= 5 mA to 100 mA 
0.1 
n 


t,vo 
Line regulation 
Vi~11.5Vt020V 
~ 
10= 5 mA 
0.15 
0.6 
% 


SVR 
Supply voltage rejection 
Vi = 13.5V 
t:.Vi=4Vpp 
10= 5 mA 
CL=10"F 
f = 100 Hz 
46 
57 
dB 


eN 
Output noise voltage 
Vi = 15V 
10~ 5 mA 
CL=10"F 
B ~ 100 Hz to 100 kHz 
100 
"V 


TBA435 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Id 
Quiescent drain current 
Vi = 20V 
10 = 0 
5 
9 
16 
mA 


b.vo 
Temperature 
coefficient 
Vi = 15V 
10= 5 mA 


"'Tamb 
CL=10/lF 
Tamb= 0 to 70°C 
0.85 
mV/oC 


Isc 
Output 
short circuit 
current 
Vi = 20V 
Vo = 0 
40 
60 
mA 


Fig. 1 - Output voltage V5. 
output current 
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Fig. 4 - Supply ripple rejec- 
tion 
V5. 
regulated 
output 
current 


v,135 
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-'v 
4V~ 


f'" 
100Hz 
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I 


Jlr~-- 
f--- 


RI\',t:'"''''11t 
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FREE 
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Fig. 3 - Maximum output 
current 
V5. 
junction 
tem- 
perature 


Fig. 5 - Supply ripple rejec- 
tion 
V5. frequency 


'. 
mAl 


lbO 


ISO 


1 


140 
1[ 
130 


I'" 


Fig. 6 - 
Maximum output 
current V5. input voltage 


I 
I 
T, 
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·, we 


I 
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18A435 


Fig. 7 - Output 
short 
circuit 


current 
vs. input 
voltage 


--- 
-I-- 


Fig. 
10 
- 
Quiescent 
drain 
current 
vs. 
junction 
tem- 
perature 


Fig. 8 - Output 
short 
circuit 
current 
vs. 
junction 
tem- 


perature 


--- -r-- 


v 
15 v 


Fig. 9 - Dropout 
voltage 
vs. 


output 
current 


Fig. 
11 
- 
Quiescent 
drain 
current 
vs. input 
voltage 
Fig. 
12 - Output 
resistance 


vs. frequency 


SV 
A - 


~ 


.5 V 
/ 


GS oUo 


IOO1s 
1001 


TBA435 


~~.V8;V 
~I 
. 
. 
10.r 


Vo 
VI (l. ::1 
Ie; Rz 


V, 
18 V 


Vo 
8.5 to 
11 
V 


10> 
BOmA 
Ro_lOOmu 


Rz 
potentiometer 
0 to 150 u 


0.330 


V, 


1000 


V; 
1;0 


8200 


V, 
15 V 


Vo 
8.5 
V 


I•.• 2 A 
Ro~20 
m u 


Adjustable 
output 
voltage 
vs. output current. 


Output 
voltage 
vs. output 
current. 


COS01!>J 
I 


v, 
IS V 
- 
/ 


/ 


f7 


/ 
-- 


'..?k - 1- 
-- 


LINEAR 
INTEGRATED 
CIRCUITS 


TBA625A 
TBA625B 
TBA625C 


3-TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


.OUTPUTVOLTAGE:5,12and15V 
·OUTPUTCURRENT:?,100mA 
• 
LOAD REGULATION';;; 
1% 


• 
RIPPLE REJECTION 
51 dB TYPICAL 
• 
OVERLOAD 
AND SHORT CIRCUIT 
PROTECTION 


The TBA 625A/B/C 
are monolithic 
integrated voltage regulators in TO-39 metal casewhich can supply 
more than 
100 mA. The devices feature high temperature 
stability, 
internal overload and short circuit 
protection, 
low output 
impedance and excellent transient response. They are intended for use as voltage 
supply 
for digital 
circuits 
with 
high noise immunity, 
linear integrated circuits 
and for any other 
in- 
dustrial applications. 


Input voltage 
TBA 625A 
TBA 625B/C 
Power dissipation at Tamb= 
25°C 


at Tcase = 25° C 
Storage temperature 
Junction temperature 
Operating temperature 


20 
27 
0.75 


4 


-55 to 150 
175 
o to 
70 


ORDERING 
NUMBERS: 
TBA 625A X5 
TBA 625B X5 
TBA 625C X5 


(Vo = 
5V) 
(Vo = 12V) 
(Vo = 15V) 


TBA625A 
TBA625B 
TBA625C 


1 


, 
, 
, 
, 
, 
R2 
R3 
R4 
R5 
, 
, 
, 
, 
0 
, 


: Qll, 
QI3 
I 


Qlli 
, 
, , 
, 
, 


~114 
~112 


, 


I 
I 
, 
, '-- 
, 
------- 
_____ 
.J ,- 
r- 
------- 
-----.., 
, 
Q3 


+IZ2 
R6 
~J3 


I 
At 


VR 


Z2 
R7 


,. 
, 
, 
, 


RlI 
I 
_____________ 
..J 


, 


~ 
J 
1 
I 
I 
J 


TBA625A 
TBA625B 
TBA625C 


Rth 
j-case 
Rth j-amb 


Thermal 
resistance 
junction-case 
Thermal 
resistance 
junction-ambient 
37.5 
200 


°C/W 
o.C/W 


ELECTRICAL 
CHARACTERISTICS 
(CL = 
10 
J.lF, 
Tj 
specified) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Output voltage 
TBA 625A 
V ~ 8 to 20V 
4.75 
5 
5.25 
TBA 625B 
V = 15 to 27V 
11.4 
12 
12.6 
TBA 625C 
V = 18 to 27V 
14.25 
15 
15.75 
V 


t:,Vo 
Load regutation 
10 = 5 mA to 100 mA 
0.3 
1 
% 
v;;- 


10 . 
Regulated 
output 
current 
t:,Vo 
100 
140 
mA 
--~1% 
Vo 


10 
Max. 
regulated 
output 
current 
120 
150 
250 
mA 


Ro 
Output 
resistance 
10 = 5 mA to 100 mA 
0.1 
n 


t:,Vo 
Line regulation 
TBA 625A 
Vi = 
8 to 20V 
0.2 
1 
Vo 
TBA 625B 
Vi = 15 to 22V 
0.2 
0.5 
% 


TBA 625C 
Vi~18t027V 
0.25 
0.5 
. 


SVR 
Supply voltage rejection 
t:,Vi=4Vpp 
f=100Hz 
46 
dB 


eN 
Output noise 
TBA 625A 
70 
voltage 
TBA 625B 
B=10Hzt0100kHz 
150 
TBA 625C 
200 
J.lV 


Id 
Quiescent drain 
TBA 625A 
5 
9 
16 
mA 
current 
TBA 625B/C 
6 
10 
18 


t:,Vo 
Temperature 
TBA 625A 
0.5 


t:,Tamb 
coefficient 
TBA 625B 
Tamb= 0 to 70°C 
0.85 
TBA 625C 
1.5 
mV;oC 


Isc 
Output short circ. 
TBA 625A 
45 
65 
current 
TBA 625B 
35 
55 
TBA 625C 
30 
50 
mA 


TBA625A 
TBA6258 
TBA625C 


Fig. 1 -- Output 
voltage vs. 


output 
current (TBA 625A) 
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Fig. 7 - 
Maximum 
output 
current 
vs. 
input 
voltage 
(TBA 625A) 
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Fig. 2 - Output 
voltage vs. 


output current (TBA 625B) 
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Fig. 5 - 
Maximum 
output 
current 
vs. junction 
tem- 
perature 
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Fig. 8 - 
Maximum 
output 
current 
vs. 
input 
voltage 
(TBA 625B) 
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Fig. 3 - Output 
voltage vs. 


output current (TBA 625C) 
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Fig. 6 - Ripple rejection vs. 
regulated output current 


Fig. 9 ~ Maximum 
output 


current 
vs. 
input 
voltage 


(TBA 625C) 


TBA625A 
TBA625B 
TBA625C 


Fig. 
10 
- 
Ripple 
rejection 
vs. frequency 


Fig. 
13 
Output 
short 


circuit 
current 
vs. junction 
temperatu 
re 


........•.. 


........•.. 


I'-. 


•.•...•.•r- 
•.•...•.•- 


TBA62SA 
- 
18A62S6 
TBA62SC 


Fig. 
16 
- 
Quiescent 
drain 
current 
vs. 
input 
voltage 
(TBA 625A) 


I 
I 


J 
10", 
y.-"'" 


'3~~ 
..- 
V 
i<,Oc,' 
•.•.. 


•.•.. 


~ 


•.... 


10.,;...-V 
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Fig. 
11 
Output 
circuit 
'current 
vs. 


voltage 
(TBA 625A) 


short 
input 
Fig. 
12 
Output 
short 
circuit 
current 
vs. 
input 
voltage 
(TBA 625B/C) 
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Fig. 
15 - Output 
resistance 
vs. frequency 


Fig. 
18 
- 
Quiescent 
drain 
current 
vs. 
input 
voltage 
(TBA 625C) 
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Fig. 
14 
- 
Dropout 
voltage 
vs. output 
current 
-- 
./ 


/ 
tolloIVo=l·/ • 
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Fig. 
17 
- 
Quiescent 
drain 
current 
vs. 
input 
voltage 
(TBA 625B) 
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TBA625A 
TBA625B 
TBA625C 


Fig. 
19 
- 
Line 
transient 
response (TBA 625A) 


Fig. 
22 
- 
Turn-on 
time 
(10= 
100 mAl 
TBA 
625A 


r]1 


Fig. 
20 
- 
Line 
transient 
response (TBA 625B) 
Fig. 
21 
- 
Line 
transient 


response (TBA 625C) 


Fig. 
24 
- 
Turn-on 
time 


(10= 
100 mAl 
TBA 
625C 
Fig. 
23 
- 
Turn-on 
time 
(10= 
100 mAl 
TBA 
625B 


TBA625A 
TBA625B 
TBA625C 


Fig. 27 - Adjustable 
output 
voltage 
vs. 
output 
current 
(TBA 625A) 


Rf= 
200 
) 


V 


j 


Ri"O 
/ 
j 
/ 
I 
/ 
j / 


Va= V, 
(1 + R2/R1) 
+ Id R2 


Ra == 100 mn 


TBA 625A 
TBA 625B 
TBA 625C 


Vi 
(V) 
16 
24 
26 


Va 
(V) 
5-09 
12 -015 
15 -017 


R1 
(.11) 
430 
1000 
1200 


R2 
In) 
250 
150 
150 


Fig. 28 - Adjustable 
output 
voltage 
vs. 
output 
current 
(TBA 625B) 


Fig. 29 - Adjustable 
output 
voltage 
vs. 
output 
current 
(TBA 625C) 
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TBA 625A 
TBA 625B 
TBA 625C 


Vi 
(V) 
12 
21 
24 


Va 
(V) 
5 
12 
15 


R1 
(.11) 
500 
1200 
1500 


TBA625A 
TBA625B 
TBA625C 


Fig. 31 - Output voltage vs. 
output 
current 
(2A 
max) 
TBA 625A 


Fig. 32 - Output 
voltage vs. 
output 
current 
(2A 
maxI 
TBA 625B 


Fig. 33 - Output 
voltage vs. 


output 
current 
(2A 
max) 


TBA 625,C 


1BA8oo 


LINEAR 
INTEGRATED 
CIRCUIT 


The TBA 800 
is a monolithic 
integrated 
power 
amplifier 
in a 12-lead 
quad 
in-line 
plastic 
package. 
The 
external 
cooling 
tabs 
enable 
2.5W 
output 
power 
to 
be achieved 
without 
external 
heatsink 
and 
5W 
output 
power 
using a small area of the P.C. board 
copper 
as a heatsink. 


It is intended 
for use as a low frequency 
Class B amplifier. 


v 5 
Supply 
voltage 
10 
Peak output 
current 
(non 
repetitive) 
10 
Peak output 
current 
(repetitive) 
Ptot 
Power 
dissipation 
at Tamb= 80°C 
at Ttab = 90°C 
Tstg, Tj 
Storage 
and junction 
temperature 


30 
V 
2 
A 
1.5 
A 
1 
W 
5 
W 
-40 
to 150°C 


T8A800 


CONNECTION 
AND 
SCHEMATIC 
DIAGRAMS 
(top view) 


GROUND 
(SUBSTRATE) 


8 
INPUT 


7 
RIPPLE REJECTIQN 


(9 
(6 
01 ~ T_TIOO}lF 
.~T 
25V 


(8 
100}JF 


15V 


(2 
500}JF 


15 V 


18A800 


Rth j-tab 
Rth j-amb 
Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS(Refer 
to the 
test 
circuit, 
Tamb=25°C, 
Vs=24V, 
RL = 1617., 
unless 
otherwise 
specified) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vo 
Qu iescent 
output 
voltage 
11 
12 
13 
V 
(pin 12) 


Id 
Quiescent drain current 
9 
20 
mA 


Ib 
Input bias current (pin 8) 
1 
5 
IJA 


Po 
Output power 
d: 
10% 
f: 
1 kHz 
4.4 
5 
W 


Vi(rms) 
Input 
saturation 
voltage 
220 
mV 


V·- 
I nput 
sensitivity 
Po ~ 5W 
f: 
1 kHz 
80 
mV 
I 


Rj 
Input resistance (pin 8) 
f: 
1 KHz 
5 
Mn 


B 
Frequency response (-3 dB) 
C3 : 330 pF 
40 to 20,000 
Hz 


d 
Distortion 
Po: 
50 mW to 2.5W 
f: 
1 kHz 
0.5 
% 


Gv 
Voltage gain (open loop) 
f: 
1 kHz 
80 
dB 


Gv 
Voltage gain (closed loop) 
f: 
1 kHz 
39 
42 
45 
dB 


eN 
Input noise voltage 
5 
IJV 
B: 
22 Hz to 22 KHz 


iN 
Input noise current 
0.2 
nA 


T/ 
Efficiency 
Po: 
5W 
f: 
1 kHz 
75 
% 


SVR' 
Supply voltage rejection 
f ripple: 
100 Hz 
C5 : 
25IJF 
35 
dB 
C5:1001JF 
38 
dB 


Id 
Drain 
current 
Po: 
5W 
280 
mA 


1BA8oo 


Fig. 1 - Output 
power vs. 


supply voltage 


Fig. 4 - 
Distortion 
vs. fre- 


quency 


Fig. 7 - 
Power dissipation 
and 
efficiency 
vs. output 
power 


Fig. 2 
- 
Maximum 
power 


dissipation vs.supply voltage 


Fig. 5 - Value of C3 vs. Rf 
for various values of B 


Fig. 3 - DislOrtion 
vs. out- 


put power 
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'\s-t4" 
~ 


R( 
160 
:~f1~~~I 
j 


Fig. 6 - Voltage gain (closed 
loop) 
and input 
voltage vs. 


Rf 


G_115111 


V•• :2t.y 
: 
1 
.Gv 


Rl·160 
11; 
I.Hz 


Fig. 
8 - Quiescent output 
Fig. 
9 
- 
Supply 
voltage 


voltage 
(pin 
12) vs. supply 
rejection vs. Rf. 
voltage 


Vo 
.v. 
(d8) 


Vs~2t.V 
(V) 


Rl:160 


'r,pple:IOQHz 


10 


-'. 


-'0 


r--j- 
r-r~ 
-3. 


j~ , 
~:'-:I 


..L............_ 
-5. 


10 
20 
vsM 
50 
'0. 
Rf 
In) 


318 


TBA800 


Compared 
with 
the 
other 
circuits, 
this 
configuration 
entails 
a lower 
number 
of external 
components 
and can be used at low supply 
voltages. 


This 
circuit 
is only 
for 
use 
at 
high 
voltages. 
The 
pin 
3 is left open 
c;rcuit, 
this 
automatically 
inserts 
diodes 
02-03 
(see schematic 
diagram) 
and this enables 
a symmetrical 
wave to be obtained 
at the output. 
Refer to figs. 12 and 
13 for distortioOi 
and output 
power. 


Fig. 
12 - Distorsion 
vs. out· 
put 
power 
(fig. 
11 circuit) 
Fig. 
13 - Output 
power 
vs. 
supply 
voltage(fig. 
11 circuit) 


Po 


(W) 
; ---: - 
'd:,d.,.-t 


- 
- 
4_ 
f=lkHz- 


, 
+-- 
°Rt:56n.- 


O.I~FT_T 100~F 
I 
25V 


RX 
--[:=J--, 


150n 


The 
bootstrap 
capacitor 
C8 enables 
the 
same 
electrical 
characteristics 
as those 
of the 
test 
circuit 
to be 
achieved. 
For 
low supply 
voltage 
operation 
(e.g. 9 to 14V), 
Rx (15011) is connected 
between 
pin 1 and 
pin 4. 


N.B. - 
For the circuits of figures 11 and 14 an excellent supply voltage ripple rejection is obtained by connecting 
the capacitor C5 (10 to 100 JlF - 15V) between pin 7 and ground. 


T8A800 


The 
tabs 
on the 
TBA 
800 
can 
be used 
to conduct 
away 
the 
heat 
generated 
in the 
integrated 
circuit 
so 
that 
the junction 
temperature 
does 
not exceed 
the permissible 
maximum 
(150°C). 
This 
may 
be done 
by connecting 
tabs 
to an external 
heatsink, 
or by soldering 
them 
to a suitable 
copper 
area of the printed 
circu it board 
(fig. 15 a). 
Fig. 15b 
shows 
a simple 
type 
of heatsink. 
Assuming 
a copper 
area 
on the 
printed 
circuit 
board 
of only 
2 cm2, 
the total 
Rth between 
junction 
to ambient 
is approximately 
28 °C/w. 


External heatsink or printed circuit copper area must be connected to electrical ground. 
In the 
latter 
case, 
fig. 16 shows 
the 
maximum 
dissipated 
power 
(for Tamb= 
55°C 
and Tamb= 
70°C) 
as 
a function 
of the side of two equal 
square 
copper 
areas having 
a thickness 
of 35 I' (1.4 mils). 


Fig. 
15a 
- Example 
of a copper 
are" 
of PC 
board 
soldered 
to 
the 
tabs 
of the 
TBA 
800 
wich 
is used as a heatsink. 


Fig. 
16 
Power 
dissipation 
vs. "I". 


Fig. 
15b - Example 
of TBA 800 with 
external 
heatsink. 


Fig. 
17 
- 
Power 
rating 
characteristics 


T8A8oo 


Fig. 
18 - 
P.C. board 
and 
component 
layout 
of 
the 


test circuit (1: 1 scale) 


Fig. 
19 - 
P.C. board 
and 
component 
layout 
of 
the 


fig. 
10 circuit 
(1:1 
scale) 


1BA8oo 


maximum 
value of supply 
voltage 
(increase 
10% 
if not stabilized) 
load resistance 
quiescent 
drain 
current; 
maximum 
value 
at 
V5= 
24V 
is 20 mA 
(for worst 
case design). 


2) 
From 
fig. 16 and knowing 
T amb max, 
calculate 
Q . 


Examples: 
a) Vs 
(not 
stabilized) 
= 
24V; 
RL = 16n.; 
Tamb 
max = 
55°C. 


(24 + 2.4)2 
8· 16 


From 
fig. 16 and for Tamb 
max = 55°C, 
Q 
~ 
25 mm. 


For 
geometries 
different 
from 
the 
one 
of fig. 15a note 
that 
copper 
areas 
near 
the 
tabs 
have 
better 
effi- 
ciency 
as regards 
power 
dissipation, 
Therefore 
additional 
safety 
factors 
must 
be added 
for worst 
case 
design. 


b) Vs 
(stabilized) 
= 
12V; 
RL= 
8n.. 


122 
Ptot= 
0.4· 
~ 
+ 
0.02·12= 
1W 


TBA810CB 
TBA 810 ACB 
LINEAR 
INTEGRATED 
CIRCUITS 


FULLY-PROTECTED 
7-W 
AUDIO 
POWER 
AMPLIFIER 
FOR 
CITIZENS' 
BAND 
RADIO 


• 
HIGH OUTPUT POWER (7W AT 16V/4n; 
14.4V/2n) 
• 
HIGH OUTPUT CURRENT 
(3A REPETITIVE) 
• 
HIGH SUPPLY VOLTAGE 
REJECTION 
(40 dB min) 


• 
LOW NOISE 
• 
LOAD DUMP PROTECTION 
UP TO 40V 
• 
LOAD SHORT CIRCUIT 
PROTECTION 
UP TO Vs = 15V 
• 
POLARITY 
INVERSION 
PROTECTION 
• 
THERMAL 
PROTECTION 


The TBA 810CB is a monolithic 
integrated circuit 
in a 12-lead quad in-line 
plastic package, expressly 


designed for use as a power audio amplifier 
in CB radios. 
The TBA 810 ACB has the same electrical characteristics as the TBA 81 OCB but its cooling tabs are flat 
and pierced so that an external heatsink can be easily attached. 


V s(peak) 
Vs 
Vs 


10 
10 
Ptot 


Peak supply voltage (50 ms) 
DC supply voltage 
Operating supply voltage 
Output 
peak current (non repetitive) 
Output 
peak current 
(repetitive) 
Power dissipation 
at Tamb < 
80°C (for TBA 810CB) 
Ttab < 100°C (for TBA 810ACB) 
Storage and junction 
temperature 


40 
28 
20 
4 
3 
1 
5 
-40 to 150 


ORDERING 
NUMBER: 
TBA 810CB 
TBA 810ACB 


TBA810CB 
TBA 810 ACB 


CONNECTION AND SCHEMATIC DIAGRAMS 
(top view) 


05 


SUPPlY 
12 
OUTPUT 
0. 


VOLTAGE 


0' 
N.C 
N. 
C. 


N.C. 
10 
GROUND 
, 
0 


GRC<..ND 
GROUND 


R' 


BOOTSTRAP 
GROUND 
(SUBSTRATE) 


COMPENSATION 
INPUT 


FEEDBACK 
RIPPLE 
REJECTION 


S-0289 
&---b 


(9 
(6 
OJ,uFT T 100,uF 
T 
ISV 


C8 
lOOIJF 
15V 
1, 


"""'I""" 
lQOO.uF 
15' 


Rth j-tab 
Rth 
j-amb 


Thermal resistance junction-tab 
Thermal resistance junction-ambient 
12 °C/W 
70* °C/W 


10 °C/W 
80 °C/W 


TBA810CB 
TBA 810 ACB 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the 
test 
circuit; 
Vs 
otherwise 
specified) 


Paramet~r 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 1) 
4 
20 
V 


Vo 
Quiescent 
output 
voltage 
6.4 
7.2 
8 
V 
(pin 12) 


Id 
Quiescent drain 
current 
12 
20 
mA 


Ib 
Input bias current (pin 81 
0.4 
p.A 


Po 
Output power 
d = 10% 
f = 1 kHz 


RL ~ 4S1 
5.5 
6 
W 


RL = 2S1 
5.5 
7 
W 


Vj(rms) 
Input 
saturation 
voltage 
220 
mV 


Vj 
Input 
sensitivity 
f = 1 kHz 
Po = 6W 
RL = 4S1 


Rf = 56S1 
75 
mV 


Rf = 22S1 
30 
mV 
Po ~ 7W 
RL ~ 2S1 


Rf = 56S1 
55 
mV 
Rf ~ 22S1 
20 
mV 


Rj 
Input resistance (pin 8) 
5 
MS1 


B 
Frequency response 
RL=4S112S1 


(-3 dB) 
C3 = 
820 pF 
40 to 20000 
Hz 


C3=1500pF 
40 to 10000 
Hz 


d 
Distortion 
Po = 50 mW to 2.5W 
RL = 4S1/2n 
f = 1 kHz 
0.3 
% 


Gv 
Voltage gain (open loop) 
RL ~ 451 
f = 1 kHz 
80 
dB 


Gv 
Voltage gain (closed loopl 
RL ~ 4S1/2n 
f ~ 1 kHz 
34 
37 
40 
dB 


eN. 
I nput 
noise 
voltage 
Vs = 16V 
2 
p.V 


iN 
Input 
noise current 
B (-3 dB) = 40 to 15 000 Hz 
80 
pA 


'1 
Efficiency 
Po = 6W 
RL = 4S1 


f = 1 kHz 
75 
% 


SVR 
Supply voltage rejection 


I 


RL = 4S1 
V ripple= 
1 V rms 


t rjppje~ 100 Hz 
40 
48 
dB 


TBA810CB 
TBA810ACB 


Fig. 
1 - 
Output 
power 
vs. 


supply 
voltage 


I 
. 
R,:560 
• 
t I 
d 
10·'. 


-1 
t I' :!kHz 
t 


~ 
•• 
I 


Fig. 
4 
- 
Distortion 
vs. fre- 
quency 
(RL = 2n) 


,[ 
Vs:l4·4V 


..... 
'-Rj:56fl 
. 


. .. 
Rl-20 
.. -.- 


Fig. 7 - Relative 
voltage 
gain 
(closed 
loop) 
and 
input 
volt- 
age 
vs. 
feedback 
resistance 


Fig. 
2 
- 
Maximum 
power 
dissipation 
vs. supply 
voltage 
(sine wave operation) 
~:r~--- 


I· 


t 


r: 


Fig. 
3 
- 
Distortion 
vs. fre- 
quency 
(RL = 4n) 


Fig. 5 - Distortion 
vs. output 
power 
Fig. 6 - Value 
of C3 vs. feed- 
back 
resistance 
for 
various 
values 
of B 


. 1,-- 
I 


Fig. 8 - Relative 
voltage 
gain 
(closed 
loop) 
and input 
volt- 


age 
vs. 
feedback 
resistance 


Fig. 
9 
- 
Power 
dissipation 
and 
efficiency 
vs. 
output 
power 


TBA810CB 
TBA 810 ACB 


Fig. 
10 - Quiescent 
output 


•_ J" 
IlJin 
12) 
vs. supply 
voltage 


••• 
1 
_.: j 
~:(,-:~:-::::=~~.:::1 
'-1-~' 
~-->--._~_._~. 


l' 
~ 
•• 
- 
~ 
• 
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- 
+- 
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Fig. 
11 
- 
Quiescent 
drain 
current 
vs. 
supp~y 
voltage 
Fig. 
12 
- 
Supply 
voltage 


rejection 
vs. 
feedback 
re- 


sistance 


VS;14:4V 
t- r 
[ 


'f:~L:4t'l 
!-r"'- -.- 


tC5=1OOI-'f' 
t-- 
II"rl!-:I~Hl_ 


I I ~~-~-+ 
, 


1 ~ : 


30 r 
'0 


50 


60 
f 
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Load dump protection 
The 
load 
dump 
case occurs 
in a car when 
the 
engine 
is running 
and the battery 
is disconnected: 
voltage 


spikes 
on the 
power 
line are supplied 
by the 
alternator 
since there 
is no clamping 
effect 
due to battery 
capacitance. 
The TBA 81 OCB was designed 
to withstand 
a pulse train 
on pin 1, of the type 
shown 
in Fig. 13. Providing 


an 
LC filter 
is included, 
as shown 
in Fig. 14, a much 
higher 
pulse 
train 
amplitude 
(up to 100 Vpeak) 
is 


allowed 
on the supply 
line with 
no damage 
to the device. 


From 
L=2mH 
To pin1 of 


supply 
~TBA810CB 


line 
d;0~ql-'F 
I 


'6V 


5-2207 


Short-circuit 
protection 
The 
TBA 
810CB 
can withstand 
a permanent 
short 
circuit 
across 
the 
lo.ad for a supply 
vottage 
up to 15V. 


Polarity 
inversion protection 
High 
current 
(up 
to 
5A) 
can 
be 
handled 
by 
the 
device 
with 
no damage 
for a longer 
period 
than 
the 
blow-out 
time 
of a quick 
1A fuse 
(normally 
connected 
in series with 
the supply). 


This 
feature 
is added 
to avoid destruction 
if, during 
fitting 
to the car, a mistake 
on the connection 
of the 
supply 
is made. 


TBA810CB 
TBA 810 ACB 


• 
I> 


BUILT-IN 
PROTECTION 
SYSTEMS(continued) 


Open 
ground 
protection 
When 
the 
radio 
is in the ON condition 
and the ground 
is accidentally 
opened, 
a standard 
audio 
amplifier 
will be damaged. 
On the TBA 810CB, 
protection 
diodes 
are included 
to avoid 
any damage. 


Inductive 
load 
protection 
A protection 
diode 
is provided 
between 
pin 
12 and 
pin 
1 (see the 
internal 
schematic 
diagram) 
to allow 


use ofthe 
TBA 81 OCB with 
inductive 
loads. 
In particular, 
the TBA 81 OCB can drive the coupl ing transformer 
for audio 
modulation 
in CB transmitters. 


DC 
voltage 
protection 
The 
maximum 
operating 
DC voltage 
on the TBA 81 OCB is 20V. 
However 
the 
device 
can 
withstand 
a DC voltage 
up to 28V 
with 
no damage. 
This 
could 
occur 
during 


winter 
if two 
batteries 
were series connected 
to crank 'the engine. 


Thermal 
protection 
A thermal 
limiting 
circuit 
is internally 
provided 
on TBA 
810CB 
to 
prevent 
chip 
temperature 
exceeding 
150°C. 
This 
protection 
offers 


the 
following 
advantages: 


1. An 
overload 
on 
the 
output 
(even 
if permanent), 
or 
an 
above- 
limit ambient 
temperature 
can be withstood. 


2. The 
heatsink 
can 
be 
designed 
with 
smaller 
safety 
margins 
com- 
pared 
with 
that 
of a conventional 
power 
audio 
amplifier. 


The 
TBA 
810CB 
will 
remain 
undamaged 
in the 
event 
of excessive 


junction 
temperature: 
all that 
happens 
is that 
Po (and therefore 
P1ol) 


are reduced 
(Fig. 
15). 


Fig. 
15 - Output 
power 
and 


drain 
current 
vs. 
package 


temperature 


0.2 


0. 


150 
Tcase{"C) 


The 
thermal 
power 
dissipated 
in the 
circuit 
may 
be 
removed 
by 
connecting 
the 
tabs 
to 
an. external 
heatsink 
(Fig. 
16) 
or 
by 
soldering 
them 
to 
an area 
of 
copper 
on the 
printed 
circuit 
board 
(Fig. 
17). 


During 
soldering, 
tab 
temperature 
must 
not 
exceed 
260°C 
and 
the 
soldering 
time 
must 
not 
be longer 
than 
12 seconds. 


TBA810CB 
TBA810ACB 


RELIABILITY 
The 
reliability 
of 
the 
TBA 
810CB 
is very 
high 
thanks 
to the 
Fin-Dip 
package 
and 
assembly 
process. 


A CB radio 
is switched 
ON and OFF 
many 
thousands 
of times 
during 
the 
lifetime 
of the car. This causes 
thermal 
fatigue 
of the device 
and if suitable 
package 
and assembly 
processes 
were 
not used, 
failure 
of the 


die or wire 
bonding 
would 
be probable. 
Thanks 
to the 
particular 
process 
adopted 
for the TBA 810CB, 
the device 
can easily withstand 
the following 
stresses: 
. 


thermal 
fatigue: 
more 
than 
104 cycles 
with 
.6Tcase= 100°C 
thermal 
cycling: 
more than 
103 cycles 
between 
-55°C 
and +125°C 
thermal 
shocks: 
more 
than 
103 cycles 
between 
-55°C 
and 
+ 125°C 
relative 
humidity 
of 85% at 85°C 
is resisted 
for more than 
103 hours. 


TBA810P 
TBA810AP 
LINEAR 
INTEGRATED 
CIRCUITS 


7-W AUDIO POWER AMPLIFIER 
WITH THERMAL 
SHUT-DOWN, SHORT CIRCUIT 
PROTECTION 


The TBA 810P is an improvement 
of TBA 
810S. 


It offers: 


Higher 
output 
power 
(R L = 4n 
and 2n) 
Lower 
noise 
Polarity 
inversion 
protection 
Fortuitous 
open 
ground 
protection 
Higher 
supply 
voltage 
rejection 
(40 dB min.) 


The 
TBA 
810P 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package, 
intended 
for 
use as a low frequency 
class B ampl ifier. 
The TBA 810 P provides 
7-W output 
power 
at 16V/4n; 
7-W at 14.4V/2n. 
It gives 
high 
output 
current 
(up 
to 
3Al, 
high 
efficiency 
(75% 
at 6W output), 
very low harmonic 
and 
crossover 
distortion. 
The 
circuit 
is provided 
with 
a thermal 
limiting 
circuit 
and 
can withstand 
a short- 
circuit 
on the 
load for supply 
voltqges 
up to 15V. 
The 
TBA 
810AP 
has the same electrical 
characteristics 
as the TBA 810P, 
but 
its cooling 
tabs are flat and 
pierced 
so that 
an external 
heatsink 
can easily 
be attached. 


20 
4 
3 
1 
5 
-40 to 150 


Supply 
voltage 
Output 
peak 
current 
(non 
repetitive) 
Output 
peak current 
(repetitive) 
Power 
dissipation 
at Tamb';;; 
80°C 
(for TBA 810P) 
T1ab 
,;;; 100°C 
(for TBA 810AP) 
Storage 
and junction 
temperature 


ORDERING 
NUMBERS: 
TBA 810P 
TBA 810AP 


MECHANICAL DATA 


TBA810P 
TBA810AP 


'SLiPPLY 
VOLTAGE 


N.C. 


TBA810P 
TBA810AP 


Vs 
R3 


C9 
C6 
lOon 
o.l,uFT TlOO,IJF 
T 
15V 


Rth j-tab 
Rth j-amb 


Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


10°C/W 
80°C/W 


ELECTRICAL CHARACTERISTICS 
(Refer 
to the test 
circuit; 
Vs = 14.4V, 
Tamb = 25°C 
unless 
otheryvise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
(pin 
1) 
4 
20 
V 


Vo 
Quiescent 
output 
voltage 
6.4 
7.2 
8 
V 


(pin 
12) 


Id 
Quiescent 
drain 
current 
12 
20 
mA 


Ib 
Input 
bias current 
0.4 
)1A 


Po 
Output 
power 
d 
= 10% 
f 
= 1 kHz 


RL=4n 
5.5 
6 
W 
RL=2n 
5.5 
7 
W 


Vi(rms) 
Input 
saturation 
voltage 
220 
mV 


TBA810P 
TBA810AP 


Parameter 
Test conditions' 
Min. 
Typ. 
Max. 
Unit 


Vi 
Input 
sensitivity 
f 
= 1 kHz 
Po = 6W 
RL~451 


Rf = 5651 
75 
mV 
Rf = 2251 
30 
mV 
Po = 7W 
RL=251 


Rf 
~ 5651 
55 
mV 
Rf = 2251 
20 
mV 


Rj 
Input resistance (pin 8) 
5 
M51 


B 
Frequency response 
RL ~ 451/251 


(- 3 dB) 
C3 = 820 pF 
40 to 20 000 
Hz 


C3 = 1500 pF 
40 to 10000 
Hz 


d 
Distortion 
Po = 50 mW to 2.5W 
RL = 451/251 
f 
= 1 kHz 
0.3 
% 


Gv 
Voltage gain (open loop) 
RL=451 
f 
= 1 kHz 
80 
dB 


Gv 
Voltage gain (closed loop) 
RL = 451/251 
f 
= 1 kHz 
34 
37 
40 
dB 


eN 
I nput 
noise voltage 
2 
IJ.V 
Vs=16V 


iN 
I nput 
noise 
current 
B (-3 dB) = 40 to 15000 Hz 
80 
pA 


1') 
Efficiency 
Po = 6W 
RL = 451 


f 
= 1 kHz 
75 
% 


SVR 
Supply voltage rejection 
RL = 451 
V ripple = 1V rms 


friPPIe= 100 Hz 
40 
48 
dB 


Id 
Drain 
current 
Po = 6W 
RL ~ 451 
600 
mA 


Fig. 2 - 
Maximum 
power 
dissipation vs.supply voltage 
(sine wave operation) 


Fig. 3 - 
Distortion 
vs. fre- 


quency (RL = 451j 


Fig. 1 - Output 
power vs. 


supply voltage 


··'VS·I4,4"'··'·· 


RI"S6.n 
...• - 
.... _RL·'n 
..._~ 
..• 


TBA810P 
TBA810AP 


Fig. 
4 
- 
Distortion 
vs. fre- 
quency 
(RL = 2n) 


Fig.7 
- Relative 
voltage 
gain 
(closed 
loop) 
and 
input 
vol- 
tage 
vs. feedback 
resistance 


Fig. 
10 - Quiescent 
output 
voltage 
(pin 
12) 
vs. supply 
voltage 


Fig.5 
- Distortion 
vs. output 
power 


. -Vs~14.4V 


--Rf=~n 


____ 
,,_lkHz 


Fig. 8 - Relative 
voltage 
gain 
(closed 
loop) 
and 
input 
vol- 
tage 
vs. feedback 
resistance 


Fig. 
11 
- 
Quiescent 
drain 
current 
vs. 
supply 
v"oltage 


Fig. 
6 
- 
Value 
of 
C3 
vs. 
feedb<ll:k 
resistance 
for 
va· 
rious values 
of B 


Fig. 
9 
- Total 
power 
dissi- 
pation 
and 
efficiency 
vs. 
output 
power 


Po 
60 
~ 


" 
'" 


20 


• 
Po (W) 


Fig. 
12 - Supply 
voltage 
re- 
jectioh 
vs. feedback 
resitance 


TBA810P 
TBA810AP 


The 
thermal 
power 
dissipated 
in the 
circuit 
may 
be 
removed 
by 
connecting 
the 
tabs 
to 
an 
external 


heatsink 
(TBA 
810 
AP see figs. 
13 and 
14), 
or by soldering 
them 
to an area 
of copper 
on the 
printed 
circuit 
board 
(TBA 
810P 
see fig. 15). During 
soldering, 
tab temperature 
must 
not exceed 
260°C 
and·the 


soldering 
time 
must 
not be longer 
than 
12 seconds. 


Fig. 13 
- 
Maximum 
power 
dissipation 
vs. ambient 
tem- 
perature 
(TBA810AP 
only) 
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TBA810AP 


The 
presence 
of a thermal 
limiting 
circuit 
offers 
the 
follo- 
wing advantages: 
1) An overload 
on the 
output 
(even 
if it is permanent), 
or 
an 
above-limit 
ambient 
temperature 
can 
be 
easily 
withstood. 
2) The 
heatsink 
can 
have 
a smaller 
factor 
of 
safety 
com- 
pared 
with 
that 
of a conventional 
circuit. 
There 
is no 
device 
damage 
in the 
event 
of excessive 
junction 
tempe- 
rature: 
all that 
happens 
is that 
po. 
(and 
therefore 
Ptot! 
are reduced. 


1 


-c:::>-- C7 
--c:::>- C3 


C81- 
+t 
i-_-:~l-:'-.-+r R3 ~ 
(1 


C90 i+ 
- ~C6 


-c:::>- -c:::J- 


C4 
Rl 


18A8108 
18A810A8 
LINEAR 
INTEGRATED 
CIRCUITS 


The 
TBA 
810 
S is a monolithic 
integrated 
circuit 
in a 12 lead quad 
in-line 
plastic 
package, 
intended 
for 
use as a low frequency 
class B ampl ifier. 
The 
TBA 
810 
S prov ides 7 W power 
output 
at 16 V/ 4 !1 , 6 W at 14.4 V/ 4 !1, 2.5 W at 9 V/4 !1, 1 W at 
6 V/4!1 
and 
works 
with 
a wide 
range of supply 
voltages 
(4 to 20 V); it gives high output 
current 
(up to 


2.5 A), 
high efficiency 
(75% 
at 6 W output), 
very 
low harmonic 
and cross-over 
distortion. 
In addition, 
the circuit 
is provided 
with 
a thermal 
protection 
circuit. 
The 
TBA 
810 
AS has the 
same 
electrical 
characteristics 
as the 
TBA 
810S, 
but 
its cooling 
tabs 
are flat 
and pierced 
so that 
an external 
heatsink 
can easily 
be attached. 


Supply 
voltage 


Output 
peak 
current 
(non-repetitive) 
Output 
current 
(repetitive) 
Power 
dissipation: 
at Tamb = 
70 


0e 
(TBA810AS) 
at Ttab 
= 1000e 
(TBA810AS) 


Storage 
and junction 
temperature 


20 
3.5 
2.5 


1 
5 
-40 
to 150 


ORDERING 
NUMBERS: 
TBA 810 
S 
TBA 810 
AS 


g' 


Q 
~ 
!'! 


17 


~ 


'n-' 


" 
, 
. 


TBA810S 
TBA810AS 


CONNECTION 
AND SCHEMATIC 
DIAGRAM 
(top view) 


SUPPlY 
12 
OUTPUT 
VOLTAGE 
08 


N.C. 
N. C. 


N. C. 
10 
GROUND 


GROLND 
GROUND 


BOOTSTRAP 
GROUND 
(SUBSTRATE) 


COMPENSATION 
INPUT 


FEEDBACK 
RIPPLE 
REJECTION 


5-0289 


C8 
100~F 
15V 


0* 


1500pF 
C7*r C4 
600pF 
O.1~F 


C5 
Rl 
100~F 
10 
15V 


C2 
lO00~F 
15V 


Rth 
j-tab 


Rth 
j-amb 


Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


max 


max 


TBA810S 
TBA810AS 


12 0C/W 
10 0C/W 


70*0 C/W 
800 C/W 


TBA810S 
TBA810AS 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 1) 
4 
20 
V 


Vo 
Quiescent output voltage (pin 12) 
6A 
7.2 
8 
V 


Id 
Quiescent 
drain 
current 
Vs = 14AV 
12 
20 
mA 


Ib 
Biascurrent (pin 8) 
OA 
"A 


Po 
Power 
output 
d 
-10% 


RL = 
4S1 


f 
= 
1 kHz 
V 
= 
16V 
7 
W 
s 


V 
= 
14AV 
5.5 
6 
W 
s 
V 
~ 
9V 
2.5 
W 
s 


V 
= 
6V 
1 
W 
s 


Vi(rms) 
Input voltage 
220 
mV 


Vi 
Input sensitivity 
Po - 6W 
Vs = 14AV 
RL=411 
f 
=1kHz 


Rf = 5611 
80 
mV 
Rf 
~ 22S1 
35 
mV 


Ri 
Input resistance (pin 8) 
5 
MS1 


B 
Frequency 
response 
Vs=14AV 


(-3 dB) 
RL=411 
C3 =820 pF 
40 to 20.000 
Hz 


C3 = 1500pF 
40 to 10.000 
Hz 


d 
Distorsion 
Po = 50mW to 3W 
Vs = 14AV 
RL = 4S1 
f 
~1kHz 
0.3 
% 


Gv 
Voltage gain 
Vs ~ 14AV 
(open loop) 
RL =4S1 
f 
=1kHz 
80 
dB 


Gv 
Voltage gain 
Vs=14AV 
(closed loop) 
RL~411 
f 
=1kHz 
34 
37 
40 
dB 


eN 
I nput 
noise 
voltage 
Vs=14AV 
Rg ~ 0 
B (-3 dB) = 20Hz to 
20.000 Hz 
2 
"V 


iN 
I nput 
noise current 
Vs = 14AV 
B (-3 dB) = 20 Hz to 
20.000 Hz 
0.1 
nA 


'7 
Efficiency 
Po = 5W 
Vs=14AV 
RL=411 
f 
=1kHz 
70 
% 


SVR 
Supply voltage rejection 
Vs=14AV 
RL=4S1 
friPPle = 100 Hz 
38 
dB 


18A8108 
18A810A8 


Fig. 1 - Power 
output 
versus 


supply 
voltage 
Fig. 
3 
- 
Distorsion 
versus 


output 
power 


Fig. 
4 
- 
Distorsion 
versus 
frequency 


Ys=14.4V 
I 


"'~560 
:i 


RL::4 n 
I 
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Fig. 
7 
- 
Quiescent 
output 
voltage 
(pin 12) versus supply 
voltage 


Fig. 
2 
- 
Maximum 
power 
dissipation 
versus 
supply 
voltage 
(sine wave operation) 


Plol 
1 


f!N)11 
. ~.~ 
f::: /.0 


f- 


Fig. 
5 - Value 
of C3 versus 
Rf 
for 
various 
values 
of 
B 


Fig. 
8 
- 
Quiescent 
current' 


versus 
supply 
voltage 


Fig. 
6 
- 
Power 
dissipation 


and 
efficiency 
versus 
output 


power 


Fig. 
9 
- 
Supply 
voltage 


rejection 


SVR~i 


(dB) I 


I 


TBA810S 
TBA810AS 


For 
portable 
equipment 
the 
circuit 
in Fig. 10 
has the 
advantages 
of fewer 
external 
components 
and 
a 
better 
behaviour 
at low supply 
voltages 
(down 
to 4 V). 


Fig. 
10 - Appl ication 
circuit 
with 
load connected 
to the supply 
voltage 


C9 ..J.. 
C 6 


0.1~F I I 
100~F 
_ 
25V 


Fig. 
11 
- 
Supply 
voltage 
rejection 
versus 
Rf 
(circuit 
of fig. 10) 
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The 
thermal 
power 
dissipated 
in the 
circuit 
may 
be removed 
by connecting 
the tabs to an external 
heat 
sink (TBA 810 AS - fig. 12) or by soldering 
them 
to an area of copper 
on the printed 
circuit 
board 
(TBA 
810 S - fig. 13). 


Fig. 
12 
- Maximum 
power 
dissipation 
versus 
ambient 
temperature 
(for 
TBA 
810 
AS only) 


Fig. 
13 
- 
Maximum 
power 
dissipation 
versus 
copper 
area 
of the 
P .C. board 
(for 
TBA 810 S only) 


\ 


\PCBOAAO 


TBA810S 
TBA810AS 


During 
soldering 
the 
tabs temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not 
be longer 
than 
12 seconds. 


Fig. 14a and 
14b show 
two ways that 
can be used for mounting 
the device. 


Fig. 
14a shows 
a method 
of mounting 
the 
TBA 
810 
S, that 
is satisfactory 
both 
from 
the point 
of view 
of heat 
dissipation 
and 
from 
mechanical 
considerations. 
For TBA 810 AS the desired 
thermal 
resistance 


is obtained 
by fixing 
the elements 
shown 
in fig. 14b, to a suitably 
dimensioned 
plate. 
This plate 
can also 
act as a support 
for the whole 
printed 
circuit 
board; 
the mechanical 
stresses 
do not damage 
the 
integrated 


circuit. 
This 
is firmly 
fixed 
to the element, 
in fig. 14b. 


Fig. 
15 - Output 
power 
and 


drain 
current 
versus 
package 


temperature 
The presence 
of a thermal 
limiting 
circuit 
offers 


the following 
advantages: 


1) An 
overload 
on 
the 
output 
(even 
if it is 


permanent!. 
or 
an 
above-limit 
ambient 
temperature 
can be easily 
supported. 
2) The 
heat 
sink 
can 
have 
a smaller 
factor 
of 
safety 
compared 
with 
that 
of 
a conven· 
tional 
circuit. 
There 
is no device 
damage 
in 
the case of too 
high a junction 
temperature: 
all 
that 
happens 
is that 
Po 
(and 
therefor 


P1ol) and Id are reduced 
(fig. 15). 


TBA820 
LINEAR 
INTEGRATED 
CIRCUIT 


The TBA 820 
is a monolithic 
integrated 
audio 
amplifier 
in a 14-lead 
quad 
in-line 
plastic 
package. 


It is inteded 
for use as low frequency 
class B amplifier 
with 
wide 
range of supply 
voltage: 
3 to 16V. 


Main features 
are: 
minimum 
working 
voltage 
of 
3V, 
low quiescent 
current, 
low 
number 
of 
external 
components, 
good 
ripple 
rejection, 
no cross-over 
distortiol', 
mounting 
compatibility 
with 
TAA 
611 


Output power: 
Po = 2W at 12V - 811. • Po = 1.6W at 9V - 411. • Po = 1.2W at 9V - 811. 


Vs 


10 
Ptot 
Tstg, Tj 


Supply 
voltage 
Output 
peak current 
Power 
dissipation 
at Tamb = 50°C 
Storage 
and junction 
temperature 


16 
1.5 
1.25 
-40 to 150 


8 
L:t 


~ 


~ 


TBA820 


BOOTSTRAP 
SUPPLY 
VOLTAGE 


RIPPLE 
13 
COMPENSATION 
REJECTION 


N. C. 
12 
OUTPUT 


COMPENSATION 
4 
11 
N.C. 


FEEDBACK 
GROUND 


N. C. 
9 
N.C. 


INPUT 
8 
GROUND 


(SUBSTRATE) 


5-0297 


18A820 


+ Vs 


C2 
~C6· 
C4 


100)JFI 
ISO}JF 
0.1)JF=1= 
RL 


15V 
-=- 
I 
IOV 


I 
I 
I 
I 
14 
2 
1 
In 
CB 


4 
C5 


Rl 
100K!l 


-~l 
CB 
C7 
100)JF 


15 V 


CI 


100f' F 


6V 


18A820 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
3 
16 
V 


Vo 
Quiescent output 
voltage (pin 12) 
Vs = 9V 
4 
4.5 
5 
V 


Id 
Quiescent drain 
current 
Vs = 9V 
4 
mA 


Ib 
Bias current 
Ipin 7) 
Vs ~ 9V 
0.1 
IJA 


Po 
Output 
power 
d 
=10% 
f 
= 1 kHz 
Isee circuit 
Fig. 1) 
Rf = 120.11 
Vs ~ 12V 
RL = 8.11 
2 
W 
Vs = 9V 
RL ~4.11 
1.6 
W 
Vs = 9V 
RL = 8.11 
1.2 
W 
Vs ~ 6V 
RL ~4.11 
0.75 
W 
Vs = 3.5V 
RL ~ 4.11 
0.22 
W 


Vi (rms) 
Input sensitivity 
Po=1.2W 
Vs ~ 9V 
(seecircuit 
Fig. 1) 
RL = 8.11 
f 
= 1 kHz 
Rf = 33.11 
16 
mV 
Rf = 120.11 
60 
mV 


Vi (rms) 
Input 
sensitivity 
Po = 50 mW 
Vs ~ 9V. 


(seecircuit 
Fig. 1) 
RL ~ 8.11 
f 
~ 1 kHz 
Rf = 33.11 
3.5 
mV 
Rf = 120.11 
12 
mV 


Ri 
Input resistance 
5 
M.I1 


B 
Frequency response 
1-3 dB) 
Vs ~ 9V 
RL = 8.11 
(seecircuit 
Fig. 1) 
Rf = 120.11 
CB=680pF 
25 to 7000 
Hz 
CB= 220pF 
25 to 20000 
Hz 


d 
Distortion 
Po = 500 mW 
Vs = 9V 
(seecircuit 
Fig . .1) 
RL = 8.11 
f 
= 1 kHz 
Rf = 33.11 
0.8 
% 


Rf = 120.11 
0.4 
% 


Gv 
Voltage gain 
Vs = 9V 
RL = 8.11 


(open loop) 
f 
= 1 kHz 
75 
dB 


18A820 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Voltage gain 
Vs ~ 9V 
RL = 8 n 
(closed loop) 
f 
= 1 kHz 


R1 = 33 n 
45 
dB 
R1 = 120 n 
34 
dB 


eN 
Input 
noise voltage 


Vs= 9V 
3 
IJ.V 


8 = 22 Hz to 22 KHz 


iN 
I nput 
noise current 


0.4 
nA 


S+N 
Signal 
to 
noise 
ratio 
-N- 
Vs ~ 9V 
Po = 1.2W 
R1 = 120n 
R1=100Kn 


B = 22 Hz to 22 KJ:lz 
70 
dB 


SVR 
Supply voltage 


rejection 
Vs ~ 9V 
RL ~ 8 n 


(see circuit 
Fig. 2) 
f (ripple) = 100 Hz 
C6 = 50 IJ.F 
R1 ~ 120n 
42 
dB 


Fig. 
3 
- 
Output 
power 
vs. 


supply 
voltage 


Fig. 
4 - 0 istortion 
vs. out- 
Fig. 
5 - Power 
dissipation 
put power 
and 
efficiency 
vs. 
output 
power 
, 
"tot 


(Of.) 
::80 
(W) 
s=9V 


so 
f=IkHz 
,. 
as 


60 
Q4 


OJ 
40 


02 


20 
01 


1- 


04 
as 
1.2 Po(W) 
as 
15 
'hCW) 


18A820 


Fig. 6 
- 
Maximum 
power 
dissipation 
(sine wave ope- 


ration) 


Fig. 7 - Suggested value of 
Cs versus Rf 


12 
16 
Vs(V) 
10 
10' 


Fig. 9 - 
Input 
sensitivity 
Fig.10- Voltage gain (closed 
vs. Rf 
loop) 


G·08~/l 
G'06~711 
Vi 
G, 


(mV) 
Vs=9V 
(dB) 
Rl,,80' 


'60 
f =lkHz 
60 


Fig. 
12 
- 
Supply 
voltage 
rejection (fig. 2 circuit) 


Vs =9V 
C6=47.uF 
,ipP,.=100Hz 


Fig. 8 - 
Relative frequency 
response 


: I, 


_5L~, 


Fig. 13 - Quiescent output 
voltage at pin 12 vs. supply 
voltage 


G·oesoh 


Fig. 11 - 
Distortion 
vs. fre- 


quency 


~~!~-2'4 
68 
10' 
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Fig. 14 - Quiescent current 
vs. supply voltage 
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TBA820M 
LINEAR 
INTEGRATED 
CIRCUIT 


The TBA 
820M 
is a monolithic 
integrated 
audio 
amplifier 
in a 8 lead dual 
in-line 
plastic 
package. 
It is 
intended 
for 
use as low frequency 
class 
B power 
amplifier 
with 
wide 
range of supply 
voltage: 
3 to 16V, 


in portable 
radios, 
cassette 
recorders 
and 
players 
etc. 
Main features 
are: minimum 
working 
supply 
volt- 
age of 3V, 
low quiescent 
current, 
low number 
of external 
components, 
good 
ripple 
rejection, 
no cross- 
over distortion, 
low power 
dissipation. 


Output 
power: 
P0= 2W at 12V 18n, 1.6W at 9V 14n and 
1.2W at 9V 18n. 


Vs 


10 
Ptot 
Tstg, Tj 


Supply 
voltage 
Output 
peak current 
Power 
dissipation 
at Tamb= 
50°C 
Storage 
and junction 
temperature 


16 
1.5 


1 
-40 
to 150 


~B 


~U 


TBA820M 


CONNECTION 
DIAGRAM 
(top view) 


FREQUENCY 
[ 
RIPPLE 


COMPENSATION 
1 
8 
REJECTION 


GAIN SETTING 
2 
7 
BOOTSTRAP 


INPUT 
3 
G 
SUPPLY VOLTAGE 


GROUND 
4 
5 
OUTPUT 


S-369~1 


TBA820M 


8 
I 
I 


RI 
I 
R2 
IOKll 
Rl 
I 
In 
I 
RL 
lOOI"F 
2;71"F 
CI 
6V 
C6..,IOV 
C3 
* : 
O.22I"F 


S- 
369712 


TBA820M 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuits 
Vs= 
9V, 
Tamb= 
25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
3 
16 
V 


Vo 
Quiescent output voltage (pin 5) 
4 
4.5 
5 
V 


Id 
Quiescent 
drain 
current 
4 
12 
mA 


Ib 
Bias current (pin 3) 
0.1 
IJA 


Po 
Output power 
d = 10% 
f = 1 kHz 
Rf~ 120n 
Vs~ 12V 
RL= an 
2 
W 
Vs= 9V 
RL= 4n 
1.6 
W 
Vs= 9V 
RL= an 
0.9 
1.2 
W 
Vs=6V 
RL= 4n 
0.75 
W 
Vs= 3.5V 
RL= 4n 
0.25 
W 
Vs= 3V 
RL= 4n 
0.20 
W 


Vi (rms) 
Input 
sensitivity 
Po~ 1.2W 
Rf~ 33n 
16 
RL~ an 
mV 
f = 1 kHz 
Rf= 120n 
60 


Po= 50 mW 
Rf= 33n 
3.5 
RL= an 
mV 
f = 1 kHz 
Rf= 120n 
12 


Rj 
Input resistance(pin 3) 
f = 1 kHz 
5 
Mn 


B 
Frequency response(-3 dB) 
RL=!jn 
Cs~ 6aO pF 
25 to 
7.000 
Cs=10001JF 
Hz 
Rf= 120n 
Cs= 220 pF 
25 to 20,000 


d 
Distortion 
Po~ 500 mW 
Rf~ 33n 
o.a 
RL= an 
% 


f = 1 kHz 
Rf= 120n 
0.4 


Gv 
Voltage gain (open loop) 
f = 1 kHz 
RL= an 
75 
dB 


TBA820M 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Voltage gain (closed loop) 
RL= an 
Rf= 33n 
45 


dB 
f = 1 kHz 
Rf= 120n 
34 


eN 
Input noise voltage (0) 
3 
p.V 


iN 
Input noise current (0) 
0.4 
nA 


S+N 
Signal to noise ratio (0) 
Po= 1.2W 
Rl= 10Kn 
aD 
I\J 
RL= an 
dB 
Gv= 34 dB 
Rl= 50 kn 
70 


SVR 
Supply voltage rejection 
RL= an 


(test circuit of fig. 2) 
f (ripple) = 100 Hz 
C6= 47 I'F 
Rf= 120n 
42 
dB 


Fig.4 
- Harmonic 
distortion 
vs. output 
power 


Fig.5 - Power dissipation 
and 
efficiency 
vs. output 
P'i'~,er 
~ 
~~ 
(O,.) 
(W) 


Fig. 
3 
- Output 
power 
vs. 
supply 
voltage 


TBA820M 


Fig. 6 - Maximum power dis· 
sipation 
(sine 
wave 
oper- 


ation) 


Fig. 9 - input sensitivity vs. 
Rf 


1.,0 
I 
~ 


~o"50mW 


100 
200 
300 
Rf(Q) 


Fig. 
12 - Supply 
voltage 


rejection 
(fig. 
2 
circuit) 


SVR 


(dB) 


Vs =9V 
C6=1, 7~F 


"~l>I.=100 Hz 


15 


25 


35 


45 


0 
50 
100 
150 
Rf(O) 


Fig. 7 - Suggested value of 
Cs vs. Rf 


Fig. 
10 
Voltage 
gain 
(closed loop) vs. Rf 
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Fig. 
11 - Harmonic distor- 


tion vs. frequency 
" •••,, 


Vs =9V 
Rl =80 
Rt=1200-- 


Fig. 13 - Quiescent output 
voltage at pin 5 vs. supply 
voltage 
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Fig. 14 - Quiescent current 
vs. supply voltage 
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transist1ors) 
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100IJF 


6V I 


VI 


V2 


03 
D4 
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Vs 
VI 
'1 
V2 


(V) 
(V) 
(mA) 
(V) 


8 
12 
60 
19 
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16 
60 
26 
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20 
60 
31 


16 
28 
60 
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APPLICATION 
INFORMATION 
(continued) 


Fig. 17 - Low cost AM-FM 
radio with 1.6W output power (Vs= 9Vj 
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TCA511 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TCA 
511 
is a monolithic 
integrated 
circuit 
in a 16-lead 
dual 
in-line 
plastic 
package. 
It incorporates 


the 
following 
functions: 
high 
stability 
horizontal 
oscillator, 
horizontal 
APC circuit 
with 
high 
noise 
im- 


munity 
and large pull-in 
range, 
high stability 
vertical 
oscillator 
and sawtooth 
generator. 


It is intended 
for driving 
TV horizontal 
and vertical 
output 
stages. 


ABSOLUTE 
MAXIMUM 
RATINGS 


VS 
Vertical 
section 
supply 
voltage 
15 
V 


(between 
pins 3 and 
13) 
Vs 
Horizontal 
section 
supply 
voltage 
15 
V 


(between 
pins 4 and 
13) 
V7,VI2,VIS 
Pin 7,12,15 
voltage 
(collector 
to ground) 
15 
V 
Vi 
Vertical 
sync. 
input 
voltage 
-5 
V 
(between 
pins 2 and 
13 - see note) 
Vi 
Horizontal 
sync. 
input 
voltage 
-5 
V 
(between 
pins 6 and 
13 - see note) 
Is 
DC current 
(from 
pin 8) 
30 
mA 
112 ,114 ,115 
Peak current 
(into 
pins 
12, 14 and 
15) 
50 
mA 
Ptot 
Total 
power 
dissipation 
at Tamb';;;; 60°C 
500 
mW 
Tstg 
Storage 
temperature 
-55 
to 125 
°C 
Top 
Operating 
temperature 
o to 
70 
°C 


R 
LS38 J 
j>(lOl·C 


TCA511 


13 
Quiescent 
current 
V5~12V 
f = 50 Hz 
4 
mA 


V3 ' 
Supply 
voltage 
9 
V 


VI 
Peak to peak 
oscillator 
V5~12V 
2 


sawtooth 
voltage 
f = 50 Hz 
2.6 
V 


V2 
Peak sync. 
input 
voltage 
V5= 
12V 
f ~ 50 
Hz 
3 
V 


VI4 
Low 
level output 
voltage 
Vs=12V 
1.5 
V 


3 


VI 
S 
Low 
level 
output 
voltage 
Ils=15mA 
0.5 
V 


R2 
Parallel 
input 
resistance 
Vs=12V 
at pin 
2 
V2 
= 3V 
50 
kl1 
- 


t" 
Output 
pulse 
width 
at 
V5=12V 
pin 
15 
f = 50 
Hz 
RlO=15kl1 
0.75 
ms 
2 


t.f 
Locking 
range 
V5=12V 
f = 50 
Hz 
-17 
% 


Llf 
Frequency 
Itemperature 
Vs=12V 
-0.015 
Hz 


LlTamb 
coeff 
ic ient 
"""Ci"C" 


14 
Quiescent 
current 
Vs=12V 
f = 15625 
Hz 


Rll-13= 
0 
19 
mA 


V4 , 
Supply 
voltage 
9 
V 
2 


V6 
Peak 
sine. 
input 
voltage 
Vs=12V 
f = 15625 
Hz 
3 
V 


V8 
Regulated 
output 
voltage 
7.5 
V 
Vs=12V 
2 
V10 
Peak to peak 
oscillator 
f = 15625 
Hz 
3.3 
V 
sawtooth 
voltage 


VJ2 
Low 
level output 
voltage 
Vs=12V 
IJ2=15mA 
0.45 
V 
3 


R6 
Parallel 
input 
resistance 
Vs=12V 


at pin 
6 
V 6 = 3V 
50 
kl1 
- 


TCA511 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


t .•* .• 
Output pulse width at 
Vs=12V 
pin 12 
f = 15625 Hz 
a)Rll_13=0 
13 
JJS 


b)Rll-13=~ 
35 
JJS 


td 
, 
Leading edgeof output 
pulse to leading edgeof 
Vs=12V 
4 
JJS 
sync. pulse phasing 
f = 15625 Hz 


6f 
Pull-in range 
±1.3 
kHz 


6f 
Hold-in range 
±1.4 
kHz 
2 
M 
Oscillator control 
10 
kHz 


6Vg 
sensitivity 
-V- 


Vs=12V 


6f 
APC loop gain 
2 
kHz 
-- 
6td 
JJS 


..£..!..../6V 
Oscillator frequency drift 
Vs=9t014V 
+0.7 
% 


f 
s 
---.;; 


6f 
Frequency/temperatu re 
Vs=12V 
+5 
Hz 


6Tamb 
coefficient 
oc: 


.• 
Minimum supply voltage for correct operation of the device. 
The output pulse width can be adjusted by means of the external resistanceconnected between pins 1 
and 6. 
The output 
pulse width can be adjusted by meansof the external resistanceor by a voltage";; 5.3V. 
connected between pin 11 a!'d pin 13. 


Horizontal 
sync. 
n.. 


I I 


I' 
, 
I 


, 
I 


, 
I 
, , 
, I 
, I 
, I 


I''1 I 
I' 
1 
, 
, I 
, , 


HORIZONTAL, 
I 


SECTION 
I I 
, I 
, I 
, I 
, , 
, , 
, , 
__________ 
.Jl 


10 
13 
14 


Pull-in 
range 
sWitch 


,/" 


c£illator 


Horizontal 
output 


Vertical 
sync. 
..n.. 


VERTICAL 
SECTIOt~ 


Pulse 
shaper 
Vertical 
amplitude 
control 


, 
, 


I 
-- 
1 


Vertical 
output 


TCA511 


270kO 
Rs 
+= 


lOOnF 


] 


C; 


lOO}JF 
(. 


39kO 
R2 


Horizontal 
veney 


Vertical 


b 
output 


220nF 


~ 
HOrizontal 
output 


Tolerances 
: 


Resistors 
!. 1% 


CapacItors 
(non t",E'ct'olylC)!. 
2!'/o 


J 
1SmA 


--+" 


\IfOf1(.dl 
L 


trt'OU("f")('y 


1M;; 
~ 


~I 
I' 
•.. 


:or" 


1:~I 
100~ 


39 
kfl 


100,u 
Honzonldl 
2kfl 
,,," 


8V 


18 
kO 


(0) 
The jungle circuit TBA 311 performs the following 
functions: 
video preamplifier, 
IF AGC, PNP and NPN tuner 


AGC, sync. separator, noise gate. 
It is particularly 
suitable for driving the TCA 511 sync. inputs. 


TCA511 


Power 
Supply 
The circuit 
can work 
with 
stabilized 
supply 
voltage 
having 
a value from 
9 to 15V. 
A dropping 
resistor 
and 
a filter 
capacitor 
may 
be 
used 
to 
obtain 
the 
supply 
from 
higher 
voltages, 


however, 
the voltage 
on pin 3 and 4 must 
never exceed 
the maximum 
permitted 
voltage. 


Synchronization 
Pins 2 and 
6 can 
be DC driven 
if the 
reference 
level of the 
synchronization 
pulses 
is less than 
1V. With 
reference 
levels greater 
than 
this value, 
a coupling 
capacitor 
must 
be inserted 
in series with 
the 
input, 
and 
pins 2 and 6 must be connected 
to ground 
via a resistor. 


Vertical 
Oscillator 
The 
capacitor 
connected 
to pin 1 must 
be selected 
with 
regard 
to the frequency 
tolerance, 
to the thermal 
stability 
and to the capacitor's 
ageing. 
The width 
of the 
output 
pulse, 
to be chosen 
according 
to the 
needs 
of the output 
stages, 
is defined 
by 
the resistor 
connected 
between 
pin 1 and pin 16. 


Vertical 
Output 
The 
vertical 
output 
is taken 
from 
pin 
14, which 
is a buffered 
output 
of the sawtooth 
voltage 
generated 
at pin 15. 
The 
output 
current 
from 
pin 
14 is defined 
by an internal 
resistor 
in the 
integrated 
circuit. 
If a greater 
current 
is needed, 
a resistor 
may be connected 
between 
pin 14 and pin 3. 
The oscillator 
output 
pulse 
is available 
at pin 15 if the capacitor 
C9 is not connected. 
This configuration 
is used 
for driving 
output 
stages 
in which 
the sawtooth 
is generated 
by Miller effect. 


Horizontal 
Oscillator 
The 
capacitor 
connected 
between 
pin 
10 and 
ground 
must 
be selected 
with 
regard 
to the 
frequency 
tolerance, 
to the thermal 
stability 
and to the capacitor's 
ageing. 
In 
multistandard 
receivers, 
the 
oscillation 
frequency 
may 
be changed 
by 
switching 
the 
value 
of the 


capacitor 
connected 
to pin 10. 


Phase Comparator 
The phase 
comparator's 
output 
consists 
of current 
pulses 
acting 
on the oscillator 
control 
voltage. 
The 
external 
components 
C2, C3, C4, C5, 
R4, 
R5 and 
R6 (fig. 2) define 
the 
circuit 
performance 
with 
respect 
to the 
pull-in 
range, 
the 
hold-in 
range 
and the 
frequency 
variations 
that 
occur 
on switching-on 
and switch ing-off. 
Moreover 
the pull-in 
range depends 
on the absolute 
value of the voltage 
divider 
R2, P1 and 
R3. 


A coincidence 
detector 
is connected 
to pin 1; this 
modifies 
the 
pull-in 
range 
and the 
noise 
immunity, 
depending 
on whether 
the 
system 
is synchronised 
or is searching 
for synchronization. 
The time 
constant 
applied 
to pin 7 avoids 
uncertainty 
during 
the switch 
from 
one state 
to the other. 


Horizontal 
Output 
The 
collector 
of the 
output 
transistor 
is connected 
to 
pin 
12; 
its 
load 
resistor, 
externally 
connected 
between 
pin 12 and pin 4, defines 
the amplitude 
of the output 
current 
pulse. 
The width 
of the 
output 
pulse 
can 
be varied 
between 
13 and 
35 
IlS by means 
of the 
resistor 
connected 
between 
pin 11 and ground, 
or else by means 
of a voltage';; 
5.3V 
applied 
between 
pin 11 and ground. 


This control 
acts upon 
the trailing 
edge of the pulse, 
hence 
the phase 
advance 
of the 
leading 
edge 
stays 
constant 
with 
respect 
to the synchronism. 


TCA830S 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TCA 
8305 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package, 
intended 
for 
use as a low frequency 
class 
B ampl ifier. The 
TCA 
8305 
provides 
4.2W output 
power 
@14V/4n, 
3AW 


@12V/4n, 
2W @9V/4n, 
3.7W @ 16V/8n 
and 2.3W @ 12V/8n. 
It works 
with 
a wide 
range 
of supply 
voltages 
(4 to 20Vl. 
gives high output 
current 
(up to 2A) and very 
low 
harmonic 
and 
cross-over 
distortion. 
In addition, 
thp., circuit 
is provided. 
with 
a thermal 
limiting 
circuit 
which 
fundamentally 
changes 
the 
criteria 
normally 
used 
in determining 
the 
size of the heatsink. 


The TCA 8305 
is pin to pin equivalent 
to the TBA 8105. 


v s. 
Supply 
voltage 


10 
Output 
peak 
current 
(non-repetitive) 
10 
Output 
peak current 
(repetitive) 
Ptot 
Power 
dissipation: 
at T amb= 80°C 
at Ttab 
= 90°C 
T 519' Tj 
Storage 
and ju nction 
temperature 


20 
2.5 
2 
1 
5 
-40 
to 150 


TCA830S 


SUPPLY 
12 
OUTPUT 
vOLTAGE 


N,C. 
N. C. 


N. C. 
10 
GROUND 


GROUND 
GROUND 


BOOTSTRAP 
GROUND 
(SUBSTRATE) 


COMPENSATION 
INPUT 


FEEDBACK 
RIPPlE 
REJECTION 


5-0289 


TCA830S 


C6 
100~F 


15V 


C5 
lOOO.uF 
15v 


Rth j-tab 
Rth 
j-amt> 


. Therma 
I resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 
°C/W 
°C/W 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
(pin 1) 
4 
20 
V 


Vo 
Quiescent 
output 
voltage 
(pin 12) 
Vs= 
12V 
5.3 
6 
6.7 
V 


Id 
Quiescent 
drain 
current 
Vs = 9V 
8.5 
16 
mA 


Ib 
Input 
bias current 
Vs = 12V 
0.2 
p.A 


Po 
Output 
power 
d = 10% 
f = 1 kHz 


Vs=14V 
RL = 4,n 
4.2 
W 
Vs = 12V 
RL = 4,n 
2.5 
3.4 
W 
Vs = 9V 
RL = 4,n 
2 
W 
Vs = 6V 
RL = 4,n 
0.8 
W 
Vs= 
16V 
RL = 8,n 
3.7 
W 
Vs=12V 
RL = 8,n 
2.3 
W 


TCA83US 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vi (rms) 
Input saturation voltage 
220 
mV 


Vi 
Input sensitivity 
Po = 3.4W 
Vs~12V 
RL = 4,n 
f = 1 kHz 
50 
mV 


B 
Frequency response (-3 dB) 
Vs=12V 
RL = 4,n 


C3 = 390 pF 
40 to 10,000 
Hz 


d 
Distortion 
Po = 50 mW to 2W 
Vs= 12V 
RL = 4,n 
f = 1 kHz 
0.3 
% 


Rj 
Input resistance (pin 8) 
5 
M,n 


Gv 
Voltage gain (open loop) 
Vs = 12V 
RL = 4,n 
f ~ 1 kHz 
75 
dB 


Gv 
Voltage gain (closed loop) 
Vs=12V 
RL= 4,n 


f = 1 kHz 
34 
37 
40 
dB 


eN 
Input noise voltage 
Vs = 12V 
R1 = 0 
B (-3 dB)= 40 to 10,000 Hz 
2 
IJV 


iN 
Input noise current 
Vs= 12V 
B (-3 dB)= 40 to 10,000 Hz 
0.1 
nA 


1] 
Efficiency 
Po = 3.4W 
Vs= 12V 
RL= 4,n 
f = 1 kHz 
62 
% 


SVR 
Supply voltage rejection 
Vs = 12V 
RL= 4,n 
f ripple= 100 Hz 
C2=1001JF 
45 
dB 
C2 = 
25IJF 
38 
dB 


Id 
Drain 
current 
Po ~ 3.4W 
Vs = 12V 
RL = 4,n 
430 
mA 


Tsd 
"Thermal shut-down case 
Ptot= 2.2W 
130 
°c 
temperature 


TCA830S 


Fig. 
1 - 
Output 
power 
vs. 


supply 
voltage 


Fig. 4 - Voltage 
gain (closed 
loop) 
and 
typical 
input 
voltage 
vs. 
feedback 
re- 
sistance 
(Rtl 


Fig. 
7 
- 
Supply 
voltage 
rejection 


\/szlZV 
'\z4.l1. 


C2:IXlJ.lF 
fr,pp4ezllOHz 


I 


Fig. 
2 
- 
Maximum 
power 
dissipation 
vs. supply 
voltage 
(sine wave operation) 


Fig. 
3 - Distortion 
vs. out- 


put power 


I 
II 


I I 


Vs·12V 
e-- ~RI·56Jl., 
*1 kHz 
~ ~ 
:;. ;;.. 


, 


Fig. 
5 
- 
Distortion 
vs. fre- 


quency 
Fig. 
6 
- C3 vs. 
Rt for 
dif- 
ferent 
bandwidths 


C3 
(pF) 


a-5kHz 


U' 
a-10kHz 
, 


e-20kHz 


U' 


Fig. 
9 
- 
Quiescent 
current 
vs. supply 
voltage 


Plot 
~ 
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Vs·12V 
'"1.) 
---Rl-sn 


'\ -Ion 
eo 


/ 
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'1. 
60 


P,ot 
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Plot 
20 


Po (w) 
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" 
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Fig. 
8 
- 
Power 
dissipation 
and 
efficiency 
vs. 
output 
power 


TCA830S 


Fig. 
11 - Circuit 
with 
load 
connected 
to ground 
and 
without 
bootstrap. 
in which 
Gv spread 
is reduced 
(external 
Rxl 
Fig. 
12 
- 
Typical 
output 
power 
vs. 
supply 
voltage 


TCA830S 


The 
presence 
of 
a thermal 
limiting 
circuit 
offers 
the 
following 
advantages: 
1) an overload 
on the output 
(even if it is permanent) 
or an above- 
limit ambient 
temperature 
can be easily 
supported 


2) the 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 
is no device 
damage 
in the 
case 
of too 
high a junction 
temperature; 
all that 
happens 
is that 
Po (and therefore 
Plod 
and 
Id are reduced 
(fig. 13). 


Fig. 
13 - Output 
power 
and 
drain 
current 
vs. 
package 
temperature 


The 
thermal 
power 
dissipated 
in the 
circuit 
may 
be 
removed 
by connecting 
the 
tabs 
to 
an external 
heatsink 
or by soldering 
them 
to an area of copper 
on the printed 
circuit 
board 
(fig. 14). 
Fig. 15 shows 
a simple 
type 
of heatsink. 
Assuming 
an area of copper 
on the printed 
circuit 
board 
of only 
2 cm2, 
the total 
Rlh between 
junction 
and ambient 
is approximately 
28 °C/W. 


The external 
heatsink 
or area of prir.ted 
circuit 
copper 
must 
be connected 
to electrical 
ground. 
Fig. 
17 gives the 
maximum 
power 
that 
can 
be dissipated 
(for Tamb= 
55 and 70°C) 
as a function 
of the 
side. of two 
equal 
square 
copper 
areas 
having 
a thickness 
of 35 
/J. (1.4 
mil). 
During 
soldering 
the 
tabs 
temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 


Fig. 
14 - 
Example 
of area 
of P.C. board 
copper 
soldered 
to 
the 
tabs 
of 
the 
TCA 
830S 


Fig. 
15 
- 
Example 
of 
TCA830S 
with 
external 
heatsink. 


TCA830S 


Fig. 16 - Power 
that 
can be 
dissipation 
vs. "I" 
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Fig. 
17 
- 
Maximum 
allow- 


able 
power 
dissipation 
vs. 


ambient 
temperature 


LINEAR 
INTEGRATED 
CIRCUITS 
TCA900 
TCA910 


The TCA 900 and TCA 910 are monolithic 
integrated 
circuits 
in Jedec 
TO-126 
plastic 
package. 
They 
are 
designed 
for 
use 
as speed 
regu lators 
for 
DC motors 
of record 
players, 
cassette 
recorders 
and 
players. 


The 
TCA 
900 
is particularly 
suitable 
for 
battery 
operated 
portable 
equipments, 
and 
the 
TCA 
910 
for 


car-battery 
and mains 
operations. 


Supply 
voltage 
Total 
power 
dissipation 
at Tamb= 
70"C 
at Tease = 100°C 


14V 
20V 
0.8W 
5W 
-55 
to 150°C 
150°C 
Storage 
temperature 
Junction 
temperature 


ORDERING 
NUMBERS: 
TCA 900 
TCA 910 


TCA900 
TCA910 


I~ 'S;£UTPUT 
3 
COMMON 


, 
INPUT 


S·'121 


Rth j-case 
Rth j-amb 
Thermal 
resistance 
junction-case 
Thermal 
resistance 
junction-ambient 
Typ. 
Typ. 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C 
unless 
otherwise 


specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vref 
Reference voltage 
Vs = 5.5V 
(between pins 2 and 3) 
1m = 70mA 
RT = 0 
2.6 
V 


Id3 
Quiescent current 
Vs = 5.5V 
(at pin 3) 
Im= 0 
RT = 0 
2.6 
mA 


Vm 
Output voltage 
Vs = 5.5V 
(for TCA 900 only) 
1m ~ 70 mA 
RT = 9H7- 
3.6 
3.9 
V 


Vm 
Output voltage 
Vs= 9V 
(for TCA 910 only) 
Im=70mA 
RT = 270n 
5.6 
6.3 
V 


TCA900 
TCA910 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vl-2 
Dropout voltage 
I'Nm/Vm= 
-1% 


1m= 70mA 
RT = 91.n 
1.2 
V 


12 
Limiting output 
Vs = 5.5V 
current 
(at pin 2) 
V2-3= 0 
400 
mA 


k = lII2/l113 
Vs = 5.5V 
12=70mA 
lI12= 
± 10mA 
RT = 0 
8.5 
- 


lIVm 
Line regulation 
Vs= 5.5V to 12V 
--llIVs 


Vm 
(for TCA 900 only) 
1m= 70mA 
RT=91.n 
0.1 
%/V 


lIVm 
Line regulation 
Vs = 10V to 16V 
--llIVs 
Vm 
(for TCA 910 only) 
1m= 70mA 
RT = 270.n 
0.1 
%/V 


lIVm 
IIII 
Load regulation 
Vs = 5.5V 
V 
m 
m 
1m= 40 to 100 mA 
RT~ 0 
0.005 
%/mA 


lIVref 
Vl-3= 
5.5V 
---Ill 
Tamb Temperature 


V ref 
coefficient 
12= 70 mA 
Tamb=-20 to 700e 
0.01 
%/Oe 


TCA900 
TCA910 


APPLICATION 
INFORMATION 
The 
regulator 
supplies 
the 
motor 
in such 
a way 
as to keep 
its speed 
constant, 
independent 
of supply 
voltage, 
applied 
torque 
and ambient 
temperature 
variations. 


The basic equation 
for the 
motor 
is: 


Vm= 
Eo+Rmlm=aln+a2c 


V m = 
supply 
voltage 
applied 
to the motor 
Eo 
back 
electromotive 
force 
n 
motor 
speed 
(r.p.m.) 
Rm 
internal 
resistance 
(of the motor) 
1m 
current 
absorbed 
(by the motor) 
al 
and a2= 
constants 
c 
= 
drive torque 
A voltage 
supply 
with 
the following 
characteristics 
E 
= 
Eo 
E 
= 
electromotice 
force 
2.8 


Ro = 
-Rm 
Ro = 
output 
resistance 
2.' 


gives performance required. 
0 
'0 
80 
120 
160 
200 
240 RT(n) 


This 
means 
that 
a variation 
in current 
absorbed 
by the motor,due 
to a variation 
in torque 
applied,causes 


a proportional 
variation 
in regulator 
output 
voltage. 
In fig. 6 is shown 
the minimum 
allowable 
Eo vs. RT. 


The 
TCA 
900 
and 
TCA 
910 
give a referenl;e 
constant 
voltage 
Vref 
(between 
pins 2 and 3) independent 


of variations 
of Vs' 
12 and ambient 
temperature. 


They 
also give: 
13 = Id3 + 
12/k 


Where: 
13 
= 
total 
current 
at pin 3 
Id3 = 
quiescent 
current 
at pin 3 (12 = 0) 
12 
= 
current 
at pin 2 
k 
constant 
The output 
voltage 
V m, applied 
to the 
motor 
has the following 
value: 


Vm = 
Vref 
+RT 
[ 
V ref 
(1 
+.!-) 
+ 
Id31 
+ ~ 
~T 
Rs 
k 
k 


Fig. 4 - Dropout 
voltage 
vs. 
output 
current 


I 
6Vm 
::_'0/. 
'm 


Fig. 5 - Maximum 
allowable 


power 
dissipation 
vs. 
am· 
bient 
temperature 


Fig. 6 - Minimum 
Eo allow- 


able vs. RT 
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Term 
1 
Term 
2 


Term 
1 equals 
Eo and fixes the motor 
speed 
by means 
of the variable 
resistor 
Rs; 


Term 
2 ~. 
RT equals 
the 
term 
Rm. 
1m and, 
therefore, 
compensates 
variations 
of torque 
applied. 


Complete 
compensation 
is achieved 
when: 


RT = k 
Rm 
If RT max > k Rm min instability 
may occur. 


TCA940N 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TCA 
940N 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package, 
intended 
for 


use as a low frequency 
class 
B amplifier. 
The TCA 940N 
provides 
lOW output 
power 
@ 
20V /4n, 
7W @ 


16V /4n 
and 6.5W 
@ 20V /8n. 
It gives high output 
current 
(up to 3A), 
very low harmonic 
and cross-over 


distortion. 
Besides 
the 
thermal 
shut-<Jown, 
the 
device 
contains 
a current 
limiting 
circuit 
which 
restricts 


the 
operation 
within 
the 
safe 
operating 
area 
of 
the 
power 
transistors. 
The 
TCA 
940N 
is pin 
to 
pin 


equivalent 
to the TBA 810 AS. 


v s 
Supply 
voltage 


10 
Output 
peak current 
(non-repetitive) 


10 
Output 
peak current 
(repetitive) 
Ptot 
Power 
dissipation: 
at Tamb= 50°C 
at Ttab = 70°C 
Tstg, 
Tj 
Storage 
and junction 
temperature 


28 
3.5 
3 
1.25 
8 


-40 
to 150 


TCA940N 


CONNECTION 
AND 
SCHEMATIC 
DIAGRAMS 
(top 
view) 
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TCA940N 


Rth j-tab 
Rth j-amb 


Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 1) 
6 
28 
V 


Vo 
Quiescent output voltage (pin 12) 
Vs~18V 
8.2 
9 
9.8 
V 


Id 
Quiescent 
drain 
current 
Vs=12V 
13 
mA 
Vs ~ 24V 
20 
mA 


Ib 
Input bias current (pin 8) 
Vs=18V 
0.5 
IJ.A 


Po 
Output power 
d = 10% 
f ~ 1 kHz 
Vs = 20V 
RL= 411 
10 
W 


Vs= 18V 
RL= 411 
7 
9 
W 


Vs=16V 
RL= 411 
7 
W 


Vs = 20V 
RL= 811 
6.5 
W 


Vs~18V 
RL= 811 
5 
W 


Vi(rms) 
Voltage for input saturation 
250 
mV 


Vi 
Input 
sensitivity 
Po = 9W 
Vs=18V 
RL=411 
f ~ 1 kHz 
90 
mV 


B 
Frequency response(-3 dB) 
Vs ~ 18V 
RL~ 411 
40 to 20,000 


C3 ~ 1000 pF 


d 
Distortion 
P°~50 mW to 5W 
Vs~18V 
RL~ 411 
f = 1 kHz 
0.3 
% 


Ri 
Input resistance (pin 8) 
.5 
MI1 


Gv 
Voltage gain (open loop) 
Vs=18V 
RL = 411 
f = 1 kHz 
75 
dB 


Gv 
Voltage gain (closed loop) 
Vs=18V 
RL~ 411 


f = 1 kHz 
34 
37 
40 
dB 


eN 
I nput 
noise voltage 
Vs=18V 
Rg = 0 
3 
IJ.V 


iN 
Input 
noise current 
Vs= 18V 
0.15 
nA 


TCA940N 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


11 
Efficiency 
Po = 9W 
Vs=18V 
RL=4.o. 


f = 1 kHz 
65 
% 


SVR 
Supply voltage rejection 
Vs = 24V 
RL ~ 4.0. 


f ripple = 100 Hz 
45 
dB 


Id 
Drain 
current 
Po = 9W 
Vs=18V 
RL = 4.0. 
770 
mA 


Tsd 
Thermal 
shut--down 
(*) 
PIal = 4.8W 
110 
°C 


Case temperature 


Fig. 
1 - 
Output 
power 
vs. 
supply 
voltage. 
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Fig. 
2 
- 
Maximum 
power 


dissipation 
vs. 
supply 
volt- 
age 
(sine 
wave 
operation) 


Fig. 3 - Distortion 
vs. output 


power. 
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TCA940N 


Fig. 
4 
- 
Voltage 
gain 
and 
input 
sensitivity 
vs. 
feed- 


back 
resistance 
(Rf) 


Fig. 
7 - Value 
of C3 vs. Rf 


for different 
bandwidths 


Fig. 
10 - Power 
dissipation 
and 
efficiency 
vs. 
output 


power 
(RL = 8n) 
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Fig. 
5 
- 
Distortion 
vs. fre- 


quency 
(RL= 
4n) 
Fig. 
6 
- 
Distortion 
vs. fre- 


quency 
(RL = 8n) 


Fig. 
9 
- 
Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL = 4n) 


Fig. 
8 
Supply 
voltage 
rejection 
vs. 
feedback 
re- 


sistance 
(Rf) 


V••• ll.'" 
Rl: '0 
cs: lOO.li~ 


1""",.:lQOHz. 


Fig. 
12 - Quiescent 
current 
vs. supply 
voltage 
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Fig. 
11 
- Quiescent 
output 
voltage 
(pin 
12) 
vs. supply 
voltage 


TCA940N 


The 
most 
important 
innovation 
in the 
TCA 
940N 
is an original 
circuit 
which 
limits 
the 
current 
of the 
output 
transistors. 
Fig. 13 shows 
that 
the maximum 
output 
current 
is a function 
of the collector-emitter 
voltage; 
hence 
the 
circuit 
works 
within 
the 
safe operating 
area of the output 
power 
transistors. 
This can 
therefore 
be 
considered 
as being 
power 
limiting 
rather 
than 
simple 
current 
limiting. 
The 
TCA 
940N 
is 


thus 
protected 
against 
temporary 
overloads 
or short 
circuit 
by the above 
circuit. 
Should 
the 
short 
circuit 
exists 
for a longer 
time, 
the 
thermal 
shut-down 
comes 
into action 
and keeps 
the 
junction 
temperature 
within 
safe limits. 


Fig. 
13 - Maximum 
output 
current 
vs. 
voltage 
(V CE) 
across 
each output 
transistor 
Vso -- 
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The 
presence 
of a thermal 
limiting 
circuit 
offers 
the following 
advantages: 


1) an 
overload 
on the 
output 
(even 
if it is permanent). 
or an 
above-limit 
ambient 
temperature 
can 
be easily 
supported. 


2) the 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of 
a conventional 
circuit. 
There 
is no 
device 
damage 
in the 
case of too 
high a junction 
temperature: 
all 
that 
happens 
is that 
Po 
(and 
therefore 
Ptot) 
and 
Id are 
reduced 
(fig. 15). 


Fig. 
15 - Output 
power 
and 
drain 
current 
vs. 
case 
tem- 


peratu re 
G-nH 


TCA940N 


The 
power 
dissipated 
in the 
circuit 
may 
be removed 
by connecting 
the tabs to an external 
heatsink 
ac- 
cording 
to fig. 
16. The desired 
thermal 
resistance 
may be obtained 
by fixing 
the TCA 940N 
to a suitably 


dimensioned 
plate 
as shown 
in fig. 
17. This 
plate 
can 
also act as a support 
for the whole 
printed 
circuit 
board; 
the 
mechanical 
stresses 
do 
not 
damage 
the 
integrated 
circuit. 
During 
soldering 
the 
tabs 
tempe- 
rature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 


Fig. 
16 
- 
Maximum 
allow- 
able 
power 
dissipation 
vs. 
amb ient temperature 
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TCA3089 
LINEAR 
INTEGRATED 
CIRCUIT 


FM-I F RADIO 
SYSTEM 


• 
HIGH LIMITING 
SENSITIVITY 
• 
HIGH 
AMR 
_ 


• 
HIGH 
RECOVERED 
AUDIO 
• 
GOOD 
CAPTURE 
RATIO 
• 
LOW DISTORTION 
• 
MUTING 
CAPABILITY 


The TCA 3089 is a monolithic 
integrated circuit 
in a 16-lead dual in-line plastic package. It provides a 
complete subsystem for amplification 
of FM signals. 


The functions 
incorporated are: 


FM amplification 
and detection 
Interchannel controlled 
muting 
- 
AFC and delayed AGC for FM tuner 


- 
Switch ing of stereo decoder 


- 
Driver of a field strength meter 


The TCA 3089 can be used for FM-IF 
amplifier application 
in Hi-Fi, car-radios and communication 


receivers. 


Supply voltage 
Output current (from pin 15) 
Total power dissipation at Tamb";;; 
70°C 
Storage temperature 
Operating temperature 


16 
V 
2 
mA 


800 
mW 
-55 to 150°C 
-25 to 
70°C 


TCA30a9 


CONNECTION 
DIAGRAM 


(top view) 


IF 
INPUT 


BYPASS 


BYPASS 


GROUND 


16 
N.C. 


15 
AGC OUTPUT 


1~ 
GROUND 


FIELD STRENGTH 
METER 


MUTE 
OUTPUT 


SUPPLY VOLTAGE 


REF. 
BIAS 


QUAD. INPUT 


MUTE 
INPUT 


AUDIO OUTPUT 


AFC OUTPUT 


----0 
TO STEREO 
THRESHOLD 
lOGIC CIRCUITS 


TCA30a9 


TCA30a9 


lOnFI 
ZOnF 


INPUTy1 


560 


Rth j-amb 
'Thermal 
resistance 
junction-ambient 


ELECTRICAL 
CHARACTERISTICS 
Vs= av, Tamb= 25°C) 


Is 
Supply current 
16 
23 
30 
mA 


Vi 
Voltage at the IF amplifier 
1.2 
1.9 
2.4 
V 
input 


V2, V3 
Voltage at the input bypassing 
1.2 
1.9 
2.4 
V 


V6 
Voltage at the audio output 
5 
5.6 
6 
V 


VlO 
Reference bias voltage 
5 
5.6 
6 
V 


TCA30a9 


Vi(threShOld) Input limiting voltage (-3 dBI 
fm~ 1 kHz 


at pin 1 
t.f~ 
± 75 kHz 
12 
25 
IlV 


Vo 
Recoveredaudio voltage 
300 
400 
500 
mV 


(pin 6) 
Vi;;> 100llV 
fm= 1 kHz 
V] 
Recoveredaudio voltage 
t,f= 
± 75 kHz 
200 
350 
500 
mV 
(pin 71 


d 
Distortion 
Vi;;> 1 mV 
0.5 
1 
% 


S+N 
fm= 1 kHz 


-N-- 
Signal to noise ratio 
t.f= 
± 75 kHz 
60 
67 
dB 


AMR 
Amplitude modulation 
Vi = 100 mV 
45 
55 
dB 


rejection 
fm= 1 kHz 
t,f = ± 75 kHz 
m ~ 0.3 


Vi 
Input voltage for delayed 
10 
mV 
AGC action (pin 1) 


V1~ 
AGC output 
Vi~l00mV 
0.5 
V 


!II] 
AFC control slope (note 1) 
Vi~10mV 
1.2 
~ 


of 
kHz 


V 13 
Field strength meter output 
Vi=0.5mV 
1.5 
V 


sensitivity 


No signalmute (note 2) 
muting: ON 
55 
dB 


VO@Vi;;> 100llV 
2) No signalmute = 20 log -------- 


VO@Vi=O 


TCA3089 


Fig. 
1 - Relative 
recovered 
audio 
and 
noise 
output 
vs. 
input 
voltage 
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Fig. 4 - AFC output 
current 
vs. 
change 
in 
tuning 
fre- 


quency 


v•• 
IlY 


v, :tOm'" 
'.rre· 2SOC 


'Is .0 


Fig. 
2 
- 
Capture 
ratio 
vs. 
input 
voltage 


Fig. 
5 
- 
Amplitude 
modu- 
lation 
rejection 
vs. 
input 
voltage 


Fig. 
3 
- 
AGC 
(V15) 
and 
field 
strength 
meter 
output 
(V 13) vs. input 
voltage 
0."" 


V1S·'I\) 
'" 


Fig. 
6 - AMR 
vs. change 
in 
tuning 
frequency 


TCA30S9 


r---- 


FIELD 
STRENGTH 
METER 
~ 


loon .r-fr 


I 
~nF 
f 
I 


FMl 


TUNE~ 


I 
~ 
J 
12 v 
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S-0402J2 


Notes 
(1): 
When 
Vs is less than 
12V, 
a resistor 
R8= 
12 kl1 must 
be connected 
between 
audio 
output 
and ground, 


and the integrator 
capacitor 
C5 must 
be changed 
to 10 nF, as follows: 


4.7kfi 


pIn 6 
vo 


1<4 


(5 
R~ 
lonFI 


1210;0 


S·(.l.O) 


Dependent 
on field strength 
meter 
sensitivity. 
Dependent 
on the tuner's 
AFC circuit. 
L2 tunes 
with 
100 pF at 10.7 MHz (Qo = 75) 


LINEAR 
INTEGRATED 
CIRCUIT 
TCA3189 


• 
EXCEPTIONAL 
LIMITING 
SENSITIVITY 
• 
VE RY LOW DISTORTION 
(0.1 % 
- DOUB LE TUNED 
DETECTOR 
COI L) 


• 
IMPROVED 
SiN RATIO 
• 
EXTERNALLY 
PROGRAMMABLE 
AUDIO 
LEVEL 
• 
ON CHANNEL 
STEP FOR SEARCH CONTROL 
• 
PROGRAMMABLE 
AGC VOLTAGE 
AND AFC FOR TUNER 
• 
INTERCHANNEL 
MUTING 
(SQUELCH) 


• 
DEVIATION 
MUTING 
• 
DIRECT 
DRIVE 
OF TUNING 
METER 


.• 
DIRECT 
DRIVE 
OF FIELD STRENGTH 
METER 


The TCA 3189 is a monolithic 
integrated circuit 
in a 16-lead dual in-line plastic package, which provides 
a complete 
subsystem for amplification 
of 10.7 MHz FM signal in Hi-Fi, 
car-radios and communications 
receivers. 


Supply voltage 
Output 
current (from pin 15) 
Total power dissipation at Tamb 
~ 
70°C 
Storage temperature 
O'perating temperature 


16 
V 
2 
mA 
800 
mW 
-55 to 150°C 
-25 to 
85°C 


TCA3189 


CONNECTION 
DIAGRAM 


(top view) 


IF 
INPUT 


BYPASS 


BYPASS 


GROUND 


MU TE INPUT 


AUDIO 
OUTPUT 


AFC 
OUTPUT 


16 
DELAYED 
AGC CONTROL 


15 
DELAYED 
AGC OUTPUT 


14 
GROUND 


13 
FIELD 
STRENGTH 


METER 


12 
MUTE 
OUTPUT 


11 
SUPPLY 
VOLTAGE 


10 
REF. 
BIAS 


QUAD,INPUT 


S-3286 


TO STEREO 
THRESHOLD 
LOGIC 
CIRCUITS 


TCA3189 


.'1;1' ~ 
~t . 
~ ~'f 
.; 
'I[ 


I 
S 
, 
" 
~l:i 
~!i 


TCA31S9 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage range 
9 
16 
V 


Is 
Supply current 
20 
31 
44 
mA 


VI 
Voltage at the IF amplifier input 
1.2 
1.9 
2.4 
V 
No signal input, 
non muted 
V2• V3 
Voltage at the input bypass 
1.2. 
1.9 
2.4 
V 


VIS 
Voltage at the pin 15 (RF AGC) 
7.5 
9.5 
11 
V 


VlO 
Reference bias voltage 
5 
5.6 
6 
V 


Vi 
Input limiting voltage (-3 dB) 
fo = 10.7 MHz 
at pin 1 
fm= 1 KHz 
Af= ± 75 KHz 
12 
25 
IlV 


Vo 
Recovered audio voltage (pin 6) 
Vi;;> 50llV 
fo = 10.7 MHz 
fm= 1 KHz 
M= ± 75 KHz 
325 
500 
650 
mV 


d 
Distortion 
(single tuned) 
Vi;;> 1 mV 
0.5 
1 
% 


d 
Distortion 
(double tuned) 
fo = 10.7 MHz 
0.1 
% 
fm= 1 KHz 


S+N 
Signal 
to noise ratio 
M = ± 75 KHz 
65 
72 
dB 
-N- 


AMR 
Amplitude modulation rejection 
Vi=100mV 
fo = 10.7 MHz 
fm=1KHz 
Af=±75KHz 
AM mod. 30% 
45 
55 
dB 


VI6 
RF AGC threshold 
1.25 
V 


A 17 
AFC control slope 
1.9 
IlA 
lif- 
KHz 


VI2 
On channel step (deviation mute) 
Vj=100mV 
fOEV. 
< 
0 
V 
± 40 KHz 


fo = 10.7 MHz 
fOEV.> 
5.6 
V 
± 40 KHz 


TCA3189 
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IN~UT 
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TCA3189 


Fig. 
2 - Limiting 
and 
noise 
characteristics 


I, 
i 
-" 
••••_\2 ••• 


f .10.7h4HZ 


"0 
/ 
/ 
'00 
/ 


'0 
/ 
0 
/ 


'0 
1/ 
"'A 
+_ 
10 
/ 
~ 


"0 


I 


Fig .. 3 
Deviation 
mute 
threshold 
vs. R 7-10 
Fig. 
4 
- 
Recovered 
audio 
and 
muting 
action 
vs. input 
level 


Fig. 
7 - Field 
strength 
and 
tuning 
meter 
output 
vs. 
input 
level 
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Fig. 6 - AGe voltage 
for FM 
tuner 
vs. input 
level 
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FEATURES 
TCA 3189 
TCA 3089 
TDA 
1200 


Low Limiting 
Sensitivity 
(25 IlV m<lx.l 
Yes 
Yes 
No 
Low Distortion 
« 
1%) 
Yes 
Yes 
No 
Single-eoil Tuning Capability 
Yes 
Yes 
Yes 


Programmable Audio 
Level 
Yes 
No 
No 


SIN 
Mute 
Yes 
Yes 
Yes 
Deviation Mute 
Yes 
No 
No 
AFC and del<lyed AGC 
Yes 
Yes 
Yes 


Programmable AGC Threshold and Voltage 
Yes 
No 
No 
Typical S + NIN > 70 dB 
Yes 
No 
No 


Typical S + NIN > 60 dB 
Yes 
Yes 
No 
Meter Drive Voltage Depressed at Very-Low 
Signal Levels 
Yes 
No 
No 
On-Channel Step Control Voltage 
Yes 
No 
No 
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TCA3189 


LINEAR 
INTEGRATED 
CIRCUIT 
lOA 4408 


The 
TDA 
440S 
is a monolithic 
integrated 
circuit 
in a 16-lead 
dual 
in-line 
plastic 
package. 
The functions 
incorporated 
are: 
Gain controlled 
vision 
IF amplifier 
Synchronous 
detector 
- 
AGC detector 
with 
gating 
facility 
- 
AGC amplifier 
for PNP tuner 
drive with 
variable 
delay 
- 
Video 
preamplifier 
with 
positive 
and negative 
outputs. 
It is intended 
for use in black 
and white 
and colour 
TV receivers. 


Vs 
Vs 


V10 
Vll 
Ill. 
112 
Ptot 
Tstg 
Top 


Supply 
voltage 
(pin 13) 
Voltage 
at pin 5 


Voltage 
at pin 10 


Voltage 
at pin 11 (with 
load connected 
to V s) 
Output 
current 
Total 
power 
dissipation 
at Tamb 
~ 70°C 
Storage 
temperature 
Operating 
temperature 


15 
V 
15 
V 
f -1 
V 
l 3 
V 
8 
V 
5 
mA 
800 
mW 
-55 to 150°C 
o to 
70°C 


A 


~W 


~ 


~ 


TDA440S 


INPUT 
16 
INPUT 


BIAS 
BIAS 


DECDUPLING 
1 S 
DECOUPLING 


GROUND 
[ 3 
14 
N.C. 


AGC 
TIME 


[ 4 
SU PPL Y 


CONSTANT 
13 
VOL TAGE 


TUNERAGC 
POSIT 
lYE 


OUTPUT 
12 
VIDEO 


OUTPUT 


TUNER 
AGe 
NEGATIVE 


DELAY 
11 
VIDEO 


OUTPUT 


FlYBACK 
10 
OUTPUT 


PULSE 
INPUT 
VOLTAGE 
REGULATION 


CARRIER 
CARRIER 
TUN 
I NG 
TUNING 


'" .09~tll \ 


12 -'\f'- 


11~ 


1044408 


Thermal resistance junction-ambient 


Vs 
Supply voltage range 
10 
12 
15 
V 
(pin 13) 


Is 
Supply current (pin 13) 
Vs=12V 
50 
mA 
1a 


-Ill 
(1) 
Output current 
Vs=15V 
Vll= 
8V 
1.6 
mA 
1b 


Vll 
(2) 
Output voltage 
Vs=12V 
Rs = ~ 
4.5 
V 
Rs = a 
7 
1a 


V 12 (2) 
Output voltage 
Vs = 12V 
Vll 
= 5.5V 
5.6 
V 
1a 


t,Vll 
Output voltage drift 
Vs= 
11 to 14V 
3.5 
% 
1b 
~ 


15 (3) 
Tuner AGC current 
V7 = a 
R4 = 2.5 K!1 
fo = 38.9 MHz 
6 
9.5 
mA 
3c 


V7 
AGC gating pulse input 
f = 15.6 kHz 
-1.5 
-5 
V 
- 
peak voltage 


V. (4) 
Input sensitivity 
V7 = a 
fo = 38.9 MHz 
I 
V 11 = 3.3V peak to peak 
100 
150 
220 
/lV 


t,Vi 
AGC range 
V7=0 
t,Vo=1dB 
fo = 38.9 MHz 
V 11 = 3.3V peak to peak 
50 
60 
dB 
3c 


Vo 
Peak to peak output 
V7 = a 
Vll 
= 5.5V 
voltage at pin 11 
fo = 38.9 MHz 
Vi = seenote (5) 
3.3 
3.5 
3.7 
V 


lOA4408 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


"Vo 
Video 
output 
varia- 
V7 
=0 
"Vi=50dB 
tion over the AGC 
Vll 
~ 3.3V peak to peak 
range (0 to 5.5 MHz) 
fo 
= 38.9 MHz 


fm 
= 0 to 5.5 MHz 
1 
2 
dB 
3b 


V ll. 
V 12 
Sound IF at video 
V7 ~O 
Vi ~ seenote (5) 
outputs (5.5 MHz) 
fO (vision) ~ 38.9 MHz 


fo Isound) ~ 33.4 MHz 
30 
mV 
3d 


Differential error of 
V7 = 0 
fO = 38.9 MHz 
the output voltage 
V II = 3.3V peak to peak 
15 
% 
- 
(B&W) 


Vll. 
V12 
Video 
carrier 
and 


video 
carrier 
2nd 
har- 


monic 
leakage 
at 
video outputs 
V7 
15 
mV 
~O 


Vll.V12 
Video carrier leakage 
Vi 
= seenote (5) 
3c 


at video outputs 
fO 
~ 38.9 MHz 
5 
mV 


B 
Frequency 
response 
(-3 dB) 
8 
10 
MHz 
3d 


dim 
Intermodulation 
V7 = 0 
Vi = seenote (5) 


products 
at video 
fo (vision) 
= 38.9 MHz 
outputs 
fo (sound) 
= 33.4 MHz 


fo (chroma) ~ 34.5 MHz 
-50 
-40 
dB 
3a 


Ri 
Input 
resistance 
(between pins 1 
and 16) 
V7 =0 
1.4 
k.l1 
- 


Vi 
= seenote (5) 
Cj 
I nput capacitance 
fo 
= 38.9 MHz 
(between pins 1 
and 16) 
2 
pF 
- 


(1) 
Current 
flowing 
out from pin 11 with 
the load connected 
to V = av. 
(2) 
V 11 and V 12 are adjustable 
simultaneously 
by means of the resistance, or by a variable voltage ~ O.6V. 


connected 
between 
pin 10 and ground. 
(3) 
Measured with 
an input voltage 
10 dB higher than the Vi at which the tuner AGe current 
starts. 


(4) 
RMS values of the unmodulated 
video carrier 
(modulation 
down). 
(5) 
The input voltage Vi can have any value within 
the AGe range. 


10A4408 


Fig. 1a - Test circuit for measurement 
of Is. Vll• 
V12 
Fig. lb - Test circuit for measurement 
of-Ill andtNll/!J.Vs 


.v, 


C4 
C. 
:~fa:lon~ 


Cl 
10nF 


1. 
15 


Ti 
Rl 
~.7nF C2 
220.n. 


IF 
'NPU1 


C9~AGC 
GATING 


,------....PULSE INPUT 


~5PS~ 
~~ 


G 
IF 
AGe 
OUTPUT 


(TO 
TUNERl 


Note: 
T 1 = 50/200.11 
Balun 
transformer. 


Vi 
= Input 
voltage 
between 
pins 1 and 16. 


10A4408 


10A4408 


VIDEO 
CARRIER 
INPUT 
LEvEL: 
0 dB 


$loE 
BAND 
INPUT 
LEVEL 
-30dB 


SOUND 
CARRIER 
INPUT 
LEVEL:-30dB 


51 
TO A 
FOR 
FREQUENCY 
RESPONSE 
TEST 


$1 
TO B FOR 
SOUND 
I F OUTPUT 
TEST 


Fig. 
4 
- 
AGC 
voltage 
vs. 
input 
voltage 
variation 
Fig. 
5 - Tuner 
AGC 
output 
current 
vs. IF gain variation 
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Fig. 
6 - Output 
black 
level 
vs. supply 
voltage 


The 
TDA 
4405 
enables 
very 
compact 
IF amplifiers 
to 
be designed 
and 
provides 
the 
performance 
de- 
manded 
by high quality 
receivers. 
The 
input 
tuning-trapping 
circuitry 
and the detector 
network 
can be aligned 
independently 
with 
respect 
to each other. 
The 
value 
of Q for the 
parallel 
tuned 
circuit 
between 
pin 8 and 
9 is not 
critical, 
although 
the higher 
it 


is, the 
better 
is the 
chroma-sound 
beat 
rejection, 
but the tuning 
is more 
critical. 
Values 
of Q from 
30 to 
50 give good 
rejection 
with 
non-critical 
tuning. 


The 
LC circuit 
between 
pins 
8 and 
9 is tuned 
to the vision 
carrier 
thus 
appreciably 
attenuating 
the side- 
bands. 
Hence 
a small 
amount 
of 
signal 
can 
be 
removed 
whose 
amplitude 
is almost 
constant 
over the 


whole 
working 
range of the AGC and it can be used to drive an AFC circuit. 


The 
black 
level 
at the 
output 
is very 
stable 
against 
variations 
of V 5 and 
of temperature: 
this 
enables 


the 
contrast 
control 
to 
be 
kept 
simple. 
The 
AGC 
is of the 
gated 
type 
and 
can 
take 
the 
top 
of 
the 
synchronism 
or the 
black 
level (back 
porch) 
as its reference: 
when 
the 
latter 
is used, 
the 
output 
black 


level is particularly 
stable. 


lOA4408 


10,uFr 


VIDEO 
OUTPUT 
{POSITIVE} 


VIDEO 
OUTPUT 
(NEGATIVE) 


MANUAL 
GAIN 


L1 
" O.l"ljJH- 
00" 110 - 
6turnsg_O.22mn 
(close 
WQund) 
CONTROL 


LZ,l3.L7::0.3,uH. 
00" 110- 5.5 turnsS:O.22nm(close 
wound) 


l4 
:: O.22,uH- 00" 110- L.S turnsB=O.22nm{close 
wound) 


LS,L6:: 
1 
jJH-OO,,110· 
lOturns0'"O,Z2T1Yf1(closewQund) 


L8 
" 
1.2 }JH- 00= 
110- 
IQlurns9=O.22rrm(close 
wound) 


Ll 
toL7:coillormer 
BR 27/P,core 
GWf..O.5.1)F1OO 
NeoSld, 


screening 
can 
8R 
lo15T 


Frequency response (fo vision = 38.9 MHz, fo sound = 33.4 MHz) 
standard CCI R 
Sound carrier attenuation 
31.9 MHz trap attenuation 
40.4 MHz trap attenuation 
41.4 MHz trap attenuation 
AGC range 
Overall gain including IF filter and trap 
circuits (note 1) 
Intermodulation 
products over the whole 
AGC range (note 2) 


28 


;;. 60 
;;. 56 
;;. 44 
55 


(11 
The gain is measured at video output 3.3V peak to peak 
and is defined as peak to peak output voltage to RMS 
input voltage (modulation down). 


(2) 
Measuredat 1.07 MHz, vision carrier level = 0 dB, chroma 
carrier level = --0dB, sound carrier level ~ -6 dB. 
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JJf 


kG 
KEY 
INPUT 


Fig. 9 - Overall frequency 
response of the fig. 8 circuit 
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lOA 1054M 
LINEAR 
INTEGRATED 
CIRCUIT 


PREAMPLIFIER 
WITH 
ALC 
FOR 
CASSETTE 
RECORDERS 


• 
EXCELLENT 
VE RSATI L1TY in USE (V s from 4 to 20V) 
• 
HIGH OPEN LOOP GAIN 
• 
LOW DISTORTION 
• 
LOW NOISE 
• 
LARGE AUTOMATIC 
LEVEL CONTROL 
RANGE 
• 
GOOD SUPPLY RIPPLE REJECTION 
• 
STEREO MATCHING 
BETTER THAN 3 dB 


The TDA 
1054M is a monolithic 
integrated circuit 
in a 16-lead dual in-line 
plastic package. The func- . 


tions incorporated 
are: 
- 
Low noise preamplifier 
Automatic 
level control system (ALC) 
- 
High gain equalization amplifier 


- 
Supply voltage rejection facility 
(SVRF). 


It is intended 
as preamplifier 
in cassette tape recorders and players, dictaphones, compressor and ex- 
pander in industrial 
equipments, 
Hi-Fi 
preamplifiers 
and in wire diffusion 
receivers; for stereo appli- 
cations the ALC matching is better than 3 dB. 


Supply voltage 
Total power dissipation at Tamb 
,,;; 50°C 
Storage and junction 
temperature 


20 
V 
500 
mW 
-40 to 150°C 


ORDERING 
NUMBERS: 
TDA 1054M mono applications 


2 TDA 1054M stereo applications 


~ 


- 
I~~l 


~ 
0.45 
M ::l 


17.78 
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CONNECTION AND SCHEMATIC DIAGRAMS 
(top view) 


'2C~~~T':i~ 


11NON INV~~~I~ 


INVERTING 
INPUT 


O.471oJF 


~ 
4.7 ill 
O.41 


7F 


B~ 


Bo 
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ELECTRICAL 
CHARACTERISTICS 


(Refer to the test circuit, 
Tamb = 25°C) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
4 
20 
V 


Id 
Quiescent drain current 
Vs = 9V 
RL= 
QQ 
6 
mA 
Sl = S2 = S3 ~ B 


hFE 
DC current 
gain 
Ic =0.1 mA 
VCE = 5V 
300 
500 
- 


Input noise voltage (01) 
2 
nV 
eN 
y'HZ 
Ic=O.lmA 
VCE = 5V 
I 
= 1 kHz 
~ 
iN 
Input noise current (01) 
0.5 
v% 


NF 
Noise ligure (01) 
Ic =0.1 mA 
VCE = 5 V 


Rg~4.7kn 
B (-3 dB) = 20 to 10,000 Hz 
0.5 
4 
dB 


Gv 
Open loop voltage gain 
Vs = 9V 
I 
= 1 kHz 
60 
dB 
(tor equal ization 
amplilier! 


Vo 
Output voltage with 
Vs = 9V 
Vi = 100mV 
1.1 
V 
A.L.C. 
I 
= 1 kHz Sl ~ S2 = S3 = A 


Rl 
(lor SVRF system) 
7.5 
kn 
see schematic 
diagram 
R2 
(lor SVR F system) 
120 
n 


eN 
Input noise vol tage 
Vs = 9V 
Rg = 4.7 kn 
1.3 
J.LV 
(lor equalization amplilier 
Gv= 40 dB 
Sl = B 


pin 11) 
B (-3 dBI= 22 Hz to 22 KHz 


VOR 
Drop-out 
(between pins 
Vs ~ 9V 
Id ~ 6 mA 
0.8 
V 


14 and 2) 
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Fig. 
1 
- 
Equivalent 
input 
spot 
voltage 
and 
noise 
cur- 


rent 
vs. bias 
current 
(input 
transistor 
Q:,) 


Fig. 
2 
- 
Equivalent 
input 
noise 
current 
vs. frequency 
(input 
transistor 
Ql) 


Fig. 4 - Noise figure 
vs. bias 
current 
(input 
transistor 
Ql) 
Fig. 
5 
- 
Optimum 
source 
resistance 
and 
minimum 
NF 
vs. bias 
current 
(input 
tran- 
sistor 
Ql) 


Fig. 
3 
- 
Equivalent 
input 
noise 
voltage 
vs. frequency 
(input 
transistor 
Ql) 


Fig. 6 - Current 
gain vs. col- 
lector 
current 
(input 
tran- 
sistor 
Ql) 


Fig. 7 - Open 
loop 
gain vs. 
frequency 
(equalization 
am- 
plifier) 


Fig. 8 - Open 
loop phase 
re- 
sponse 
vs. frequency 
(equa- 
lization 
amplifier) 


" 
40 
COMPENSATION 
330 
1 
I 


C12_n=680pf 
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-~ 
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o 
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Typical 
performance 
of circuit in fig. 9 
(Tamb = 25°C, Vs = 9V) 


Paramater 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


PLAYBACK 


Gv 
Voltage gain 
f 
= 20 to 20,000 Hz 
110 
dB 
(open loop) 


Gv 
Voltage gain 
f 
= 1 kHz 
57 
dB 
(closed loop) 


IZil 
Input impedance 
f 
= 100 Hz 
10 
kn 


f 
= 1 kHz 
41 
kn 


f 
= 10 kHz 
43 
kn 


IZol 
Output impedance 
f 
= 1 kHz 
12 
35 
n 


B 
Frequency response 
seefig. 12 


d 
Distortion 
Vo=1V 
f 
= 1 kHz 
0.1 
% 


Output background noise 
1.3 
mV 


""" 


Zg = 300n 
+ 120mH 
Output weighted 
(DIN 45405) 
1.3 
mV 
background noise 


S+N 
Signal to noise ratio 
Vo= 1.3V 
60 
dB 
-N- 
Zg = 300 n + 120 mH 


SVR 
Supply voltage ripple 
f ripple = 100 Hz 
30 
dB 
rejection at the output 


ton "" 
Switch-on 
time 
Vo=1V 
500 
ms 


RECORDING 


Gv 
Voltage gain 
f 
= 20 to 20,000 Hz 
110 
dB 
(open loop) 


Gv 
Voltage gain 
f 
= 1 kHz 
70 
dB 
(closed loop) 


B 
Frequency 
response 
seefig. 14 


d" 
Distortion without 
ALC 
Vo= 1.1V 
f 
= 1 kHz 
0.3 
% 


d 
Distortion with ALC 
Vo= 1.1V 
f 
~ 10 kHz 
0.4 
% 


ALC 
Automatic level control 
Vi ';;40mV 
f 
~ 10 kHz 
54 
dB 
range (for 3 dB of output 
voltage 
variation) 


Vo 
Output voltage before 
f 
= 1 kHz 
2.3 
V 
clipping without 
ALC 


Va 
Output voltage with ALC 
Vi ~30mV 
f 
~ 10 kHz 
1.1 
V 


lOA 1054M 


Paramater 
Test cond itions 
Min. 
Typ. 
Max. 
Unit 


tl ** 
Limiting 
time (seefig. 11) 
75 
ms 


tlVj~+40dB 
f 
= 1 kHz 
tset.. 
Level setting time 
300 
ms 
(seefig. 11) 


tree.. 
Recovery 
time 
tlVj = -40 dB 
f 
= 1 kHz 
150 
s 
(seefig. 11) 


ton.. 
Switch-on time 
Vo= 
1.1V 
500 
ms 


S+N 
.•..•..•..•. 


Signal to noise ratio with 
Vo= 
1.1V 
Rg ~ 470 n 
64 
dB 
-N- 
ALe 


.•. Measured 
with selective 
voltmeter 
This value depends on external network 
When the DIN 455'-' 
norm for frequency response is not mandatory the equalization peak at 10 kHz can be 
avoided - so halving the ou.tput noise 
Weighted noise measurement (DIN 45405) 


':E~ 


"0 


••• 
I set 


•• 
11_ •.• 
tree 


IIII( iI'J~nl.ll!i1l 


\11 IIII IIf4rLuidl hi!l\ 


Fig. 12 - Relative frequency 
response for 
the circu it 
in 
fig.9 
(playback) 


Fig. 13 - Distortion 
vs. fre- 
quency for the circuit in fig. 
9 (playback) 


Ii illl! I 
HI 
" 
, 
,I!I'I 
I 
I 


,i 
I 
II 
:! 
Iii 
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II 
f- 
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'If- 
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0 


! 
Ii 


" 
'--+ 
-+.~ 
I, 
-t,lI; 


~~IV 


.' 


,- 
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Fig. 14 - Relative frequency 
response for the circuit 
in 
fig.9 
(recording) 
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Fig. 15 - Output 
voltage 
va- 
riation 
and 
distortion 
with 
ALC vs. input 
voltage 
for the 
circuit 
in fig. 9 
(recording) 


Fig. 
16 - Distortion 
vs. fre- 
quency 
with 
ALC 
for 
the 
circuit 
in fig. 9 
(recording) 
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- .--" 
i Ir.J 
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-.,--':l-L- 
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1.8/-lF 6'<' 
2.2110 


R6h 
*C5+"O,O"' 
10MO~ 
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Fig. 17 - Limiting 
and 
level 
setting 
time 
vs. input 
signal 
variation 
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Typical performance of circuit in fig. 18 
(Tamb =25°C, Vs =9V) 


Parameter 
Test cDnditiDns 
Min. 
Typ. 
Max. 
Unit 


PLAYBACK 


Vs 
Supply voltage 
5 
12 
V 


Id 
Quiescent 
drain 
current 
18 
mA 


Gv 
Voltage gain (closed loopl 
f 
= 1 kHz 
54 
- 
dB 


B 
Frequency 
r.esponse 
f 
= 100 Hz 
12 
dB 
f 
= 1 kHz 
0 
dB 
f 
= 6 kHz 
5 
dB 
f 
= 10 kHz 
11 
dB 
f 
= 60 kHz 
10 
dB 


d 
Distortion 
Vo= 
1V 
f 
~ 1 kHz 
0.6 
% 


eN 
Output weighted 
Z9 = 300 n + 120 mH 
1.3 
mV 
background noise 
lOIN 45405) 
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Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


RECORDING 


Gv 
Voltage gain (closed loop) 
I 
: 
1 kHz 
70 
dB 


B 
Frequency response 
f 
: 140 Hz 
-3 
dB 
I 
: 1 kHz 
0 
dB 
I 
: 10 kHz 
4 
dB 


d 
Distortion 
Vo: 
1.1V 
I 
: 10 kHz 
0.7 
% 


ALe 
Range lor 3 dB 01 output 
Vi ';;40mV 
I 
: 10 kHz 
54 
dB 
voltage variation 
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Typical 
performance 
of circuit in fig. 24 
(Tamb = 25°C, Vs = 15V) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
12 
15 
18 
V 


Vi 
Input sensitivity for 
2.5 
mV 
magnetic pick-ups 
Vo= 300 mV 
f 
= 1 kHz 


Vi 
Input sensitivity for 
100 
mV 


ceramic pick-ups 


Vo 
Output voltage before 
f 
= 1 kHz 
2.5 
V 
clipping 


RIAA equalization for 
B 
= 40 to 18,000 Hz 
± 1 
dB 
magnetic pick-ups 


S+ N 
Signal to noise ratio for 
Rg=4.7kO 
66 
dB 
-N- 
magnetic pick-ups 
B (-3 dB) = 20 to 20,000 Hz 


IZi[ 
Input impedance for 
47 
kO 


magnetic pick-ups 
f 
= 1 kHz 


1Zil 
Input impedance for 
100 
kO 


ceramic pick-ups 


Fig. 26 - Distortion 
vs. fre- 
quency 
for 
the 
circuit 
in 
fig. 24 


Fig. 27 - Frequency respon- 
se for the circuit 
in fig. 24 


IDA 1151 
LINEAR 
INTEGRATED 
CIRCUIT 


MOTOR SPEED REGULATOR 


• 
EXCELLENT 
VERSATILITY 
IN USE 
• 
HIGH 
OUTPUT 
CURRENT 
(UP TO 800 mAl 
• 
LOW QUIESCENT 
CURRENT 
(1.7 mAl 


• 
LOW REFERENCE 
VOLTAGE 
(1.2Vl 
• 
EXCELLENT 
PARAMETERS 
STABILITY 
VERSUS 
TEMPERATURE 


The 
TDA 
1151 
is a monolithic 
integrated 
circuit 
in Jedec 
TO-126 
plastic 
package. 
It is intended 
for Ulle 


as speed 
regulator 
for DC morors 
of record 
players, 
tape 
and cassette 
recorders, 
movie 
cameras, 
toys 
etc. 


Vs 
Supply 
voltage 


Ptot 
TotalpowerdissipationatTamb= 
70°C 


at Tease = 100°C 
T stg, Tj 
Storage 
and junction 
temperature 


20 
0.8 
5 
-40 to 150 


-~ , 


...,E 
li'l<D 
N 
lei 
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TDA 1151 
2 


3 
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Rth j-case 
Rth j-amb 
Thermal resistance junction-ease 
Thermal resistance junction-ambient 
max 
max 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V ref 
Reference voltage 
Vs = 6V 
IM=O.lA 
1.1 
1.2 
1.3 
V 
(between pins 1 and 2) 


Id 
Quiescent 
drain 
current 
Vs= 6V 
IM= 100!J.A 
1.7 
mA 


IMS 
Starting 
current 
Vs= 5V 
t,NreflV ref= -50% 
0.8 
A 


V1_3 
Minimum supply voltage 
IM=O.lA 
tN ref/V ref= -5% 
2.5 
V 


K=IM/I'r 
Reflection coefficient 
Vs = 6V 
IM= O.lA 
18 
20 
22 
- 


~//W 
Vs ~ 6V to 18V 
IM= O.lA 
0.45 
%IV 
K 
s 


~/LiIM 
Vs = 6V 
IM= 25 to 400 mA 
0.005 
%lmA 
K 


~/Li'T 
Vs = 6V 
IM=0.1A 
0.02 
%rC 
K 
Tamb~ -20 to 70° C 


LiVref /LiVs 
Line regulation 
Vs = 6V to 18V 
IM= 0.1A 
0.02 
%IV 
Vref 


LiVref /LiIM 
Load regulation 
Vs=,6V 
IM= 25 to 400 mA 
0.009 
%lmA 
Vref 


LiV ref lLi T 
Temperature 
coefficient 
Vs = 6V 
IM=0.1A 
0.02 
%rC 
Vref 
Tamb= -20 to 70" C 
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Fig. 
1 - 
Quiescent 
drain 
Fig. 
2 - 
Quiescent 
drain 
Fig. 3 - Reference 
voltage 
current 
vs. 
power 
supply 
current 
vs. 
ambient 
tem- 
vs. supply 
voltage 


perature 


" 
" 


Vret 


(m., 
(mAl 
(Y' 
1 
1M ~ 
2 
mA 
lamb·25" 
1M 
= 0.111'1" 
2) 
1M'" 
50mA 


IIo4.O.lmA 
JJ 
1M .100 mA 
4) I", :200mA 
S)IM 
.4 OOmA 
.,., 


' 
m 
,. 
25"C 


1.8 
" 


' 
V 
1.25 
BY 


1.20 


I.' 
US 


I.. 


1.2 
1.2 
" 


16 
"s(Y) 
-20 
20 
.0 
60 Tamb(O" 
10 
" 


¥S(V} 


Fig. 
4 - Reference 
voltage 
Fig. 5 - Reference 
voltage 
Fig. 
6 - 
Reflection 
coef- 
vs. motor 
current 
vs. ambient 
temperatur~_" 
••" 
ficient 
vs. supply 
voltag~_ •.•, 
v••• 
"t.' 
. 
Iv' 
'v, 
lamb 
'"lOS·C 
lamb ,. 25'C 
.. 
.ov 
2J 
'1s·6'1 


'.30 


12V 
22 
18v 
- 
IIlIt.4OOmA 
1.25 
" 
A 
13 
1.20 
20 
,.... 


1.2 


1.15 
" 
U 


1.10 
" 


16 


15 


100 
200 
300 
'M(mA) 
-20 
20 
'" 
10 T.ftObC"C1 
" 


16 
'Is(") 


Fig. 
7 
- 
Reflection 
coef- 


ficient 
vs. motor 
current 
Fig. 
8 
- 
Reflection 
ficient 
vs. 
ambient 
perature 


coef- 
tem- 
Fig. 
9 
- Typical 
minimum 
supply 
voltage 
vs. 
motor 


current 


IV, 
'Is 
:6'1 
1M: 
25m" 


.. : SOmA 
.. :100mA 


.. :20011'1" 


" 
:40011'1'" 


T.mtJ·2S~ 
!!u!. -5 
"tef 
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IM 
Motor current at rated speed 
RM 
Motor resistance 
Eg 
Back electromotive 
force 


Vref'RT 
Rs min = 
Eg 
- {Vref - Id 
RT} 


RT 
K'· 
RM 
RT 
Ktyp 
• RM 
typ 
If RT max > KRM 
min instability may occur 


+9V 
14.2n 
280n 
1 kn 
2.9V 
150 mA 
RM 
• 1M + Eg = 5.03V 


Fig. 10 - Speed variation vs. 
supply voltage 
Fig. 11 - Speed variation vs. 
motor current 
Fig. 12 - Speed variation vs. 
ambient temperature 
G-!I,t" 
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M 
Vs 
+12V 
RM 
14.7n 


10nF 
RT 
290n 


Rs 
1 kn 


Eg 
2.65V 


1M 
110mA 
3 
5-2000 


Fig. 
13 - Speed 
variation 
vs. 


supply 
voltage 


~ 
~ 
(rpmJ 
('I.) 
lAmb 
:25· 
,.•., 


1M: 
IIOmA 


'0 
22"" 


"00 


1000 


-, 
"00 
-, 


-" 
"00 
-'0 


Fig. 
14 - Speed 
variation 
vs. 


motor 
current 
Fig. 
15 - Speed 
variation 
vs. 


ambient 
temperature 


TOA 1170 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
1170 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package. 
It is designed 
mainly 
for use in large and small screen 
black 
and white 
TV receivers. 
. 


The functions 
incorporated 
are: 


oscillator 
voltage 
ramp 
generator 
high power 
gain amplifier 
flyback 
generator 


Vs 
V4-VS 
Vs 


VlO 


10 


10 


Ptot 


Supply 
voltage 
(pin 2) 
Flyback 
peak voltage 
Sync. 
input 
voltage 


Power 
amplifier 
input 
voltage 


Output 
peak current 
(non-repetitive) 
@ t = 2 ms 


@ f = 50 Hz, 
t";;; 10 Ils 
Output 
peak current 
@ f = 50 Hz, 
t > 10 Ils 


Power 
dissipation: 
at Ttab 
= 900e 
at Tamb= 
800e 
(free air) 
Storage 
and junction 
temperature 


27 
58 
± 12 
J 
10 
1. -0.5 
2 
2.5 
1.5 
5 
1 
-40 
to 150 


~ 


, 
g ,,,"' 


~ 
'- 


~ 
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CONNECTION AND BLOCK DIAGRAM 
(top view) 


IDA 1170 


Rth j-tab 
Rth j-amb 
Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient" 


12 
°C/W 


70* 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuits, 
Vs = 25V, 
Tamb= 
25°C 
unless 


otherwise 
specified) 


-19 
Oscillator 
bias current 
V9=lV 
0.2 
1 
!J.A 
la 


-110 
Amplifier 
input 
bias 
V10= 
lV 
0.15 
1 
!J.A 
lb 


current 


-112 
Ramp generator bias 
0.05 
0.5 
!J.A 
la 
current 


Vs 
Supply 
voltage 
10 
V 
- 


V4 
Quiescent 
output 
voltage 
R2 = 10 kn 
Vs = 25V 
Rl = 30 kn 
8 
8.8 
9.6 
V 
la 


Vs=10V 
Rl = 10 kn 
4 
4.4 
4.8 
V 


V6, V7 
Regulated 
voltage 
6 
6.5 
7 
V 


I1V6 
I1V7 
lb 


-- 
Line regulation 
Vs = 10 to 27V 
1.5 
mV/V 
nVs 
I1Vs 


Is 
Supply 
current 
Iv= 
lA 
140 
mA 


Iv 
Peak to peak yoke current 
1.6 
A 


(pin 4) 


2 


V4 
Flyback 
voltage 
Iv= 
lA 
51 
V 


Va 
Peak sync. input voltage 
1 
V 


(positive 
or negative) 
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Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


Vg 
Peak to peak oscillator 
2.4 
V 


sawtooth 
voltage 


Rs 
Sync. input resistance 
Vs=lV 
3.5 
kfl 


tflY 
Flyback 
time 
Iy = lA 
0.6 
0.8 
ms 


of 
Pull-in 
range 
7 
Hz 
2 


(below 
50 Hz) 


Sf 
Oscillator 
frequency 
drift 
Vs = 10 to 27V 
0.01 
Hz 
/',Vs 
with supply 
voltage 
V 


of 
Oscillator 
frequency 
drift 
Ttab= 40 to 120°C 
0.015 
Hz 


/',Ttab 
with tab temperature 
°C 


Fig. 1a - 
DC test 
circuit 
for 
measurement 
of 
-19, -112 and V4 
Fig. 1b - 
DC test 
circuit 
for 
measurement 
of 


-110' V6, V7,6V6/6Vsand/'N7//'Ns 


IDA 1170 


C3 


lOOIJF 
25V 


YOKE 
Ion 
20mH 


C5 
O.1IJF 


Rl0 
In 


Fig. 
3 
- 
Relative 
quiescent 
voltage 
variation 
vs. supply 
voltage 


Fig. 
4 - 
Relative 
voltage 
variation 
temperature 


quiescent 
vs. 
tab 
Fig. 
5 - 
Regulated 
voltage 
vs. supply 
voltage 


~:' 
.-t4 


(~.) 
~~"~~~~~-I 
_.-. 


IDA 1170 


Fig. 6 - 
Regulated 
voltage 
vs. tab temperature 
Fig. 7 - Frequency variation 
of unsynchronized 
oscillator 
vs. supply voltage 


Fig. 8 - Frequency variation 
of unsynchronized 
oscillator 
vs. tab temperature 


The thermistor 
in series to the yoke is not required 
because the current 
feedback 
enables the yoke 
current 
to be independent 
of yoke resistance variations due to thermal effects. The oscillator is directly 
synchonized 
by the sync. pulses (positive or negative). therefore 
its free frequency 
must be lower than 
the sync. frequency. The flyback generator applies a voltage, about twice the supply voltage, to the yoke. 
This produces short flyback time together with a high useful power to dissipated power ratio. 


Ly 
Iy 
Vs 


Yoke inductance 
Supply voltage 
Peak to peak yoke current 


It does not depend 
on the value of Vs but only on yoke characteristics. 
The minimum 
value of Vs 
necessary for the required output current permits the maximum efficiency. 
The quiescent 
output 
voltage (pin 4) is fixed by the voltage feedback network 
R7, R8 and R9 (refer to 
fig. 2) according to: 


R7 + R8 + R9 
R7 


TOA 1170 


C 7 
1000 ..uF/16V 


~ 


R8_ 
1 
15k~ 


C6 


';-S,uF/l0V 
.J. 
YOKE 
,on 


20 mH 


~.~30V/lA- 
C1:b C3J. 
• 
~ 


O.1J-lF 
lOO,uF 
25v 
TABS 


I 
2 
'--- 
3 
, 


R4 
C8 


220~3PF 


f' 
9 


l00kfi 
Rl* 


Hold 150kO 


C2- 


0.15I'F 


C5_ 
O.1I'F 


R'O 
,n 


Supply 
current 
Flyback 
time 
Maximum 
scanning 
current 
(peak 
to peak) 
Operating 
supply 
voltage 
TDA 
1170 
power 
dissipation 


.1Cl0 
].l,uF 


140 
0.75 
1.2 
20 to 24 
2.2 


For 
safe working 
up to T amb= 50°C 
a heatsi nk of Rth = 40 °C/W 
is required 
and each tab of TDA 
1170 
must 
be soldered 
to 1 cm2 
copper 
area of the printed 
circuit 
board. 


IDA 1170 


~YNC 
INPUT 
8 TDA 1170 


'0 
56kO 
C6I 


·7}JF/10v 


YOKE 


_C4 


O.1JJF 


R3 
- 
470 
kO 


C5- 
O.1~F 


RlO 


Supply 
current 
Flyback 
time 
Maximum 
scanning 
current 
(peak 
to peak) 
Operating 
supply 
voltage 
TDA 
1170'power 
dissipation 


150 
0.7 
1.15 
10.8 
1.3 


For 
safe 
working 
up 
to 
Tamb= 
50°C 
a heatsink 
of 
Rth= 
30 °C/W 
is required 
and 
each 
tab 
of 
the 


TDA 
1170 
must 
be soldereb 
to 1 cm2 
copper 
area of the printed 
circuit 
board. 


TOA 1170 


MOUNTING 
INSTRUCTIONS 


The 
junction 
to ambient 
thermal 
resistance 
of the 
TDA 
1170 
can 
be reduced hy soldering 
the tabs to a 
suitable 
copper 
area of the printed 
circuit 
board 
(fig. 12) or to an external 
heatsink 
(fig. 13). 
The 
diagram 
of fig. 
16 shows 
the 
maximum 
dissipable 
power 
Ptot and the 
Rth j-amb as a function 
of the 
side "s" 
of two equal 
square 
copper 
areas 
having 
a thickness 
of 35 
J1 (1.4 mil). 
During 
soldering 
the 
tab temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 
. 


The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 
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Fig. 12 - 
Example of P.C. board copper area 
used as heatsink 


Fig. 14 - Maximum power 
dissipation and junction-am- 
bient 
thermal 
resistance vs. 


Fig. 13 - 
Example 
of TDA 
1170 
with 
ex- 


ternal heatsink 


Fig.15 - Maximum allowable 
.power 
dissipation 
vs. am- 
bient temperature 


IDA 11708 
IDA 11708H 
LINEAR 
INTEGRATED 
CIRCUITS 


The 
TDA 
1170S 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package. 
It is inten- 
ded for use in black 
and white 
and colour 
TV receivers. 
The functions 
incorporated 
are: 


• 
synchronization 
circuit 
• 
oscillator 
and ramp 
generator 
• 
high power 
gain amplifier 
• 
flyback 
generator 
• 
voltage 
regu lator 


Supply 
voltage 
at pin 2 
Flyback 
peak voltage 
Power 
amplifier 
input 
voltage 


Output 
peak 
current 
(non 
repetitive) 
at t = 2 msec 
Output 
peak current 
at f = 50 Hz t ~ 10 !'sec 
Output 
peak current 
at f = 50 Hz t> 
10 !'sec 
Pin 3 DC current 
at V4 < V2 


Pin 3 peak to peak fly back 
current 
for f = 50 Hz, tf1y 
~ 
1.5 msec 
Pin 8 current 
Power 
dissipation: 
at Ttab 
= 90°C 
(TDAl170S) 
at Tamb= 
80°C 
(TDAl170S) 
Storage 
and junction 
temperature 


ORDERING 
NUMBERS: 
TDA 
1170 
S 
TDA 
1170 
SH 


35 
V 
60 
V 


{+ 
10 
V 
- 0.5 
V 
2 
A 
2.5 
A 
1.5 
A 
100 
mA 


1.8 
A 
± 20 
mA 
5 
W 
1 
W 
-40 
to 
150 
°C 


IDA 11708 
IDA 11708H 


lOA 1170S 
lOA 11l0SH 


Rth j-tab 
Rth j-amb 
Thermal resistance junction-tab 
Thermal resistance junction-ambient 
max 12°C/W 
max 70°C!W{O) 
max lO°C!W 
max BO°C!W 


ELECTRICAL 
CHARACTERISTICS 
(Refer to the test circuits, 
Vs= 35V, Tamb= 
25°C, 
unless 
otherwise specified) 


12 
Pin 2 quiescent current 
13 = 0 
7 
14 
mA 
1b 


15 
Pin 5 quiescent current 
14 = 0 
8 
15 
mA 
1b 


-Ig 
Oscillator 
bias current 
Vg=1V 
0.1 
1 
!J.A 
la 


-110 
Amplifier 
input 
bias current 
V 10= 1V 
0.1 
1 
!J.A 
1b 


-112 
Ramp generator bias current 
V12~ 0 
0.02 
0.3 
!J.A 
la 


-112 
Ramp generator current 
17 = 20!J.A 
V 12= 0 
19 
20 
24 
!J.A 
lb 


lII12 
Ramp generator non-linearity 
IIV 12= 0 to 12V 
0.2 
1 
% 
lb 
IU 
17 = 20!J.A 


Vs 
Supply 
voltage range 
10 
36 
V 
- 


VI 
Pin 1 saturation 
voltage to 
11 ~ 1 mA 
1 
1.4 
V 
- 


ground 


V3 
Pin 3 saturation 
voltage to 
13 = 10 mA 
1.7 
2.6 
V 
la 
ground 


V4 
Quiescent 
output 
voltage 
Vs= 10V 
R1=10 
K!1 
4.17 
4.4 
4.63 
V 
la 
R2=10K!1 


Vs= 35V 
R1=30K!1 
8.35 
8.8 
9.25 
V 
la 
R2= 10K!1 


V4L 
Output 
saturation 
voltage to 
-14 = O.lA 
0.9 
1.2 
V 
lc 
ground 
-14 = 0.8A 
1.9 
2.3 
V 
lc 


V4H 
Output 
saturation 
voltage to 
14 = O.lA 
1.4 
2.1 
V 
ld 
supply 
14 = 0.8A 
2.8 
3.2 
V 
1d 


V6 
Regulated 
voltage at pin 6 
6.1 
6.5 
6.9 
V 
lb 


V7 
Regulated 
voltage at pin 7 
17 = 20!J.A 
6.2 
6.6 
7 
V 
1b 


lIV6 
lIV7 
Regulated 
voltage drift with 
lIVs= 10 to 35V 
1 
mV/V 
1b 
lIVs; 
lIVs 
supply 
voltage 


V10 
Amplifier input reference 
2.07 
2.2 
2.3 
V 
- 


voltage 


Rs 
Pin 8 input resistance 
Vs'"O.4V 
1 
M!1 
la 


TOA 11708 
TOA 11708H 


IDA 11708 
IDA 1170SH 


AC 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Vs= 
25V; 
f = 50 Hz; Tamb= 
25°C, 
unless 


otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


Is 
Supply 
current 
Iy = 1 App 
140 
mA 
2 


18 
Sync. 
input 
current 
500 
!J.A 
2 


(positive 
or negative) 


V4 
F Iyback voltage 
Iy = 1 App 
51 
V 
2 


Vg 
Peak to peak oscillator 
2.4 
V 
2 
sawtooth 
vo Itage 


tlly 
Flyback 
time 
Iy = 1 App 
0.7 
ms 
2 


fo 
Free running frequency 
(PI + R 1) = 300 Kf! 
44 
Hz 
2 
C2=100nF 


(PI + RI) 
= 260 Kf! 
52 
Hz 
2 
C2=100nF 


lit 
Synchronization 
range 
18=0.5mA 
14 
Hz 
2 


lit 
Frequency 
drift with supply 
Vs=10t035V 
0.005 
Hz/V 
2 
/',Vs 
voltage 


lit 
I 
Frequency 
drift 
with tab 
Ttab= 
40 to 120°C 
0.01 
Hz/oC 
2 
/',T tab 
temperature 


01 
lN4001 


Cl 
C3 


0.1!J.~ 
lOOI'F 
25V 


.1 


11 


SYNC INPUT 8 


TDA 11705 
10 


:~ 


~ 


R9 
10 kn 


C8 cl, 1000 .uF/16 V 


YOKE 
1011. 
20mH 


C5 
O.,,,F 


RIO 


lOA 11708 
lOA 1170SH 


YOKE 
2.9.fl 
6mH 


R j * 
820 
kfl 


Operating supply voltage 
Supply current 
Flyback time 
TDA 11705 power dissipation 
Maximum scanning current (peak to peak) 


iV.8 
155 
0.5 
1.35 
1.30 


IDA 11708 
IDA 11708H 


Fig.4 
- Typical 
application 
circuit 
for small screen 90° PI L TVC set (Ry= 
12.5,n; 
Ly= 31 mH; Iy= 0.8 
App) 


C3 


100!'F 
25V 


C8 
R9" 
33 pF 
2.7kO 
J 


C7,-=-,1OO0.uF/16V 
~8.. 
T 


27kO 
C6 l 


"i'2!'F/16V 
.l. 
YOKE 


< 12.50 


31mH 


O.l!,F 
SYNC.~ 
INPUT'" 
I Cll 


Pl 
, 


l00kO 
Rl 
I 
~' 
':-:-C::J-' 
I 


Hold 150kO 
P2 
lOOk0 


Hel(jP'll 


R 2 ' 


220kO 


P3J·t ' 
41'11", 


L,,,pa"'f 
L 


C4'" 
R6[ 


0.1!,~ 
39kO~ 


R 3 • 
330 
kO 


Operating supply voltage 
Supply current 
Flyback time 
TDA 11705 power dissipation 
Maximum scanning current (peak to peak) 


22 
120 
0.8 
1.95 


1.0 


lOA 11708 
lOA 1170SH 


:~:J~ 
I 


lOOkll 
L· 
R1 
i f 
I 
~r~ 
I 
Hold 
lS0kO 
P.2 
100kO 
1 


H",hI 


R2 


-ro~:~F 
180kll 


~1~<anC~ 
5", 
** 
2", 


01 
1N4001 
C9 


(I 
C3 


01~;r 
100~F 
2SV 
1 


11 
O.1~F 
"~~~ 
INPUT 
Cll 
IDA 11705 
10 
4.7kll 
R13 


R3. 
330 
kll 


Operating supply voltage 
Supply current 
Flyback time 
TDA 
1170S power dissipation 
Maximum scanning current (peak to peak) 


lOA 1170S 
lOA 1170SH 


Fig. 6 - Typical 
application 
circuit 
for large screen 
1100 
PIL TVC set (Ry= 
1011.; Ly= 
25 mH; 
Iy= 
1.25 
App) 


YOKE 
10 Il 
25mH 


Operating 
supply 
voltage 
Supply 
current 
Flyback 
time 
TDA 
1170SH 
power 
dissipation 
Maximum 
scanning 
current 
(peak 
to peak) 


25 
175 
1 
3.25 
1.4 


lOA 11708 
lOA 1170SH 


During 
soldering 
the 
tab 
temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 


The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 


The 
junction 
to ambient 
thermal 
resistance 
of the TDA 
11705 
can be reduced 
by soldering 
the tabs 
to a 
suitable 
copper 
area of the printed 
circuit 
board 
(fig. 8) or to an external 
heatsink 
(fig. 9). 


The 
diagram 
of fig. 10 shows 
the maximum 
dissipable 
power 
Ptot and 
the 
Rth j-amb as a function 
of the 
side "s" of two equal 
square 
copper 
areas having 
a thickness 
of 35/1. (1.4 mil). 


lOA 11708 
lOA 1170SH 


Fig. 8 - Example of P.C. board copper area used as 
heatsink. 


Fig. 10 - Maximum Power 
dissipation 
and 
junctional- 
ambient 
thermal 
resistance 


'Is. "s" 


Fig. 9 - Example of TDA 1170 S with external 
heatsink. 


Fig. 11 - Maxim. allowable 
power 
dissipation 
vs. am- 
bient temp. (TDA 1170S) 


Fig. 12 - Maxim. allowable 
power 
dissipation 
vs. am- 
bient 
temp. 
(TDA 1170SH) 


The power dissipated 
in the circuit may be removed by connecting 
the tabs to an external heatsink-ac- 


cording 
to fig. 12. The desired thermal 
resistance may be obtained 
by fixing the TDA 1170SH to a 
suitable dimensioned plate as shown in fig. 13. 


lOA 11708 
lOA 1170SH 


TOA 1180F 


LINEAR 
INTEGRATED 
CIRCUIT 


TV 
HORIZONTAL 
PROCESSOR 
The TDA 
1180F is a horizontal 
processor circuit 
for b.w. and colour television receiver. It is a mono- 


lithic 
integrated circuit 
encapsulated in 16-lead dual in-line plastic package. The TDA 1180F is a modi- 


fied version of the TDA 
1180P particularly 
suited for France standard and Bi-standard 
application. 
It 
combines the following 
functions: 
Noise gated horizontal 
sync separator. 
Noise gated vertical sync separator. 
Horizontal 
oscillator with frequency range limiter. 
Phasecomparator between sync pulses and oscillator pulses (PLL). 
Phasecomparator between flyback pulses and oscillator pulses (PLL). 
Loop gain and time constant switching (VCR). 
Composite blanking and key pulse generator. 
Protection circuits. 
Output 
stageswith high current capability. 


Vg 


Vll 


12 


13 


16 
I] 


110 
Ptot 
Tstg, Tj 


Supply voltage (pin 1) 
Voltage at pin 2 
Voltage at pin 4 


Voltage at pin 8 


15 
V 
18 
V 
Vs 


{ Vs 
V 
-6 


{+ 6 
V 
- 6 
Vs 


1 
A 
0.5 
A 
30 
mA 
20 
mA 
30 
mA 
1 
W 
-40 to 150 
°C 


Voltage at pin 9 


Voltage at pin 11 
Pin 2 peak current 
Pin 3 peak current 
Pin 6 current 
Pin 7 current 
Pin 10 current 
Total power dissipation at Tamb 
~ 70°C 
Storage and junction 
temperature 


TOA 1180F 


16 
GNO 


15 
05oC. 
CONTROL 


CURRENT 


14 
OSCILLATOR 


13 
(CW\IT 
CURRENT 


OUTPUT 


12 
TIME 
CONSTANT 


SW1TCH 


11 
COINCIDENCE 
DETECTOR 


10 
VERTICAL 
SYNC 
OUTPUT 


V£RTICA.L 
SYNC 
SEPARATOR 
IN 


5-31,26 


KEy 
AND 
BLANK 
., 
PUlSE 
OUTPUT 


(~t~hSEPARATOR 
A 


or 


III 
I . 


IDA 118UF 


llFlYBACK 


INPUT (lQOV) 


R3 
2.2Mn 


10 


A 


"OED 
SIGNAL 
NPUT 


11 


lOW 


1.5MCl 
R. 


'Vs 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the 
test 
circuit, 
Vs= 12V, Tamb= 
25°C 
unless 


otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage range 
10 
12 
13.2 
V 


Is 
Supply current 
13= 0 
40 
52 
mA 


Vs 
Supply voltage at which the output 
4 
V 
pulses (at pin 2and 31areswitched off 


Vi 
Peak to peak input signal 
1 
3 
6 
V 


Vs 
Input switching voltage 
Is~80"A 
1.5 
V 


Is 
Input 
switching 
current 
Vs = 1.4V 
10 
"A 


Is 
Input 
blocking 
current 
for 
noise 
0.9 
mA 
suppressionf 


Vs 
Input 
switching 
voltage 
for 
noise 
2.1 
V 
suppression 


IS 
Leakage 
current 
Vs = -5V 
1 
"A 


TOA 1180F 


Vi 
Peak to peak input signal 
1 
3 
6 
V 


V9 
Input switching voltage 
19= BO/lA 
1.5 
V 


19 
Input switching current 
V9=1.4V 
5 
/lA 


19 
Leakagecurrent 
V9 ~ -5V 
1 
/lA 


VlO 
Vertical sync. pulse output voltage 
No load at pin 10 
11 
V 


RlO 
Output resistance 
10 
Kn 


tLV 
Delay between leading edge of input 
9.5 
12 
17 
and output signals 
/lS 


tTV 
Delay between trailing ed~e 
50 
/lS 
of input and output Sl~nas 


tv 
Vertical sync pulse duration 
190 
/lS 


V4 
Input voltage for switching off the 
Output pulses OFF 
0.5 
output pulses 
V 
Output pulses ON 
1 


R4 
Input resistance 
200 
Kn 


14 
Input current 
5 
/lA 


V6 
Input threshold voltage of blanking 
1.5 
V 
generator 


V6 
Input threshold voltage of phase 
7.6 
V 
comparator 


16 
Input switching current 
V6;;> 1.7V 
0.23 
mA 


V3 
Peak to peak output voltage 
13= 150 mApp 
10 
V 


13 
Output 
current 
V3 = 5V 
500 
mA 


R3 
Output resistance 
at leading edge of output pulse 
3 
.It 


at trailing edgeof output pulse 
20 


tp 
Output pulse duration 
26 
2B 
32 
/lS 


V7K 
Key pulse output peak voltage 
9 
11 
V 


V78 
Blanking pulse output voltage 
4.2 
4.5 
4.B 
V 


R7 
Output resistance 
100 
n 


t5K 
Phaserelation between trailing 
edge of key pulse and middle of 
2.7 
/lS 
sync input pulse 


tK 
Key pulse duration 
3.5 
3.B 
/lS 


tfb 
Delay between flyback pulse and 
V6=1.7V 
0.2 
/lS 


blanking pulse 


TOA 118UF 


tg 
Gating pulse duration 
7.5 
!J.s 


t 
Phaserelation between middle of 
sync pulse and trailing and leading 
3.75 
!J.s 
edge of gating pulse 


Vll 
Output voltage 
with coincidence 
6.8 
V 
without 
coincidence 
4 


III 
Peak output 
current 
0.5 
mA 


Vll 
Input voltage 
o to 4 or 8.5 to 12 
V 


-Ill 
Output 
current 
35 
I 
I 
!J.A 


III 
Output 
current 
0.4 
I 
I 
mA 


V12 
Output voltage 
3 
V 


R12 
Output 
resistance 
4.5V < Vll 
< 8V 
100 
n. 


Vll 
> 8.5V or Vll 
< 4V 
40 
Kn. 


V14 
Low level threshold voltage 
5.4 
V 


V14 
High level threshold voltage 
8.2 
V 


114 
Charge 
current 
0.6 
mA 


114 
Discharge current 
0.3 
mA 


VIS 
Current 
source 
supply 
voltage 
3 
V 


115 
Current 
source 
supply 
current 
0.3 
mA 


fo 
Free 
running 
frequency 
15625 
Hz 


IIfo 
Adjustment 
range 
± 10 
% 
t;;- 


IIfo 
Frequency 
control 
sensitivity 
Hz 
~5 
52 
/iA 


IIfo 
Frequency 
change 
when 
V 5 drops 
t04V 
+ 10 
% 


lOA llaUF 


Vs 
Control 
voltage 
range 
9.4 to 8.2 
V 


15 
Peak control current 
± 0.5 
mA 


15 
Input current (blocked phase 
5 
/lA 
detector! 


td 
. Permissible delay between output 
pulse leading edge and flyback pulse 
tp - tf 
/lS 


leading edge 


6t 
Static control error 
0.2 
% 
6td 


V13 
Control voltage range 
4.6 to 1.4 
V 


113 
Control peak current 
±2 
mA 


M 
Phaselock loop gain 
2 
KHz 
[;t 
-- 
/lS 


f 
Catching and holding range 
± 700 
Hz 


to 
Phaserelation between middle of 
flyback pulse and middle of sync 
2.6 
/lS 


pulse 


6Vs 
Adjustment 
sensitivity 
65 
mV 


~ 
/lS 


615 
Adjustment 
sensitivity 
10 
~ 
lit;; 
/lS 


IDA 1180P 
LINEAR 
INTEGRATED 
CIRCUIT 


The TDA 1180P is a horizontal 
processor circuit for b.w. and colour television receiver. It is a mono- 


lithic integrated 
circuit encapsulated 
in 16-lead dual in-line plastic package. The TDA 1180P combines 
the following functions: 


Noise gated horizontal sync separator. 
Noise gated vertical sync separator. 
Horizontal oscillator with frequency range limiter. 
Phase comparator 
between sync pulses and oscillator pulses (PLL). 


Phase comparator 
between flyback pulses and oscillator pulses (PLL). 


Loop gain and time cons.tant switching (VCRI. 
Composite blanking and key pulse generator. 
Protection circuits. 
Output stages with high current capability. 


Vg 


Vll 
12 


13 


16 
I] 


110 
Ptot 
Tstg. Tj 


Supply voltage (pin 1) 
Voltage at pin 2 
Voltage at pin 4 


Voltage at pin 8 


15 
V 
18 
V 
Vs 
{ Vs 
V 
-6 
{+ 6 
V 
-6 
Vs 
1 
A 
0.5 
A 
30 
mA 
20 
mA 
30 
mA 
1 
W 


-40 to 150 
°C 


Voltage at pin 9 


Voltage at pin 11 
Pin 2 peak current 
Pin 3 peak current 
Pin 6 current 
Pin 7 current 
Pin 10 current 
Total power dissipation at T amb 
,,;;;;70°C 
Storage and junction temperature 
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CONNECTION 
DIAGRAM 


(top view) 
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JlFlYBACK 
INPUT(lOQV) 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the 
test 
circuit, 
Vs= 12V, Tamb= 
25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
10 
12 
13.2 
V 


Is 
Supply current 
13= 0 
40 
52 
mA 


Vs 
Supply voltage at which the output 
4 
V 
pulses (at pin 2and 3lare switched off 


Vi 
Peak to peak input signal 
1 
3 
6 
V 


Va 
Input switching voltage 
la = 80 IlA 
1.5 
V 


la 
Input 
switching 
current 
Va=1.4V 
10 
IlA 


la 
Input blocking current for noise 
0.9 
mA 
suppression 


Va 
Input switching voltage for noise 
2.1 
V 
suppression 


la 
Leakage 
current 
Va = -5V 
1 
IlA 
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V, 
Peak to peak input signal 
1 
3 
6 
V 


V9 
Input switching voltage 
19=801'A 
1.5 
V 


19 
Input switching current 
V9=1.4V 
5 
I'A 


19 
Leakagecurrent 
V9 = -5V 
1 
!J.A 


VlO 
Vertical sync. pulse output voltage 
No load at pin 10 
11 
V 


RIO 
Output resistance 
10 
Kn 


tLv 
Delay between leading edgeof input 
17 
I'S 
and output signals 


tTV 
Delay between trailins ed~e 
50 
I'S 
of input and output SIQnas 


tv 
Vertical sync pulse duration 
190 
I'S 


V4 
Input voltage for switching off the 
Output pulses OFF 
0.5 
output puIses 
V 
Output pulses ON 
1 


R4 
Input resistance 
200 
Kn 


14 
Inp ut cu rrent 
5 
I'A 


Vs 
Input threshold voltage of blanking 
1.5 
V 
generator 


Vs 
Input threshold voltage of phase 
7.6 
V 
comparator 


Is 
Input switching current 
Vs;>1.7V 
0.23 
mA 


V3 
Peak to peak output voltage 
13= 150 mApp 
10 
V 
13 
Output current 
V3 = 5V 
500 
mA 
R3 
Output 
resistance 
at leading edgeof output pulse 
3 
n 
at trailing edgeof output pulse 
20 
tp 
Output pulse duration 
20 
22 
26 
I'S 


V7K 
Key pulse output peak voltage 
9 
11 
V 


V7B 
Blanking pulse output voltage 
4.2 
4.5 
4.8 
V 


R7 
Output 
res ista nee 
100 
n 


tSK 
Phaserelation between trailing 
edge of key pulse and middle of 
2.7 
I'S 
sync input pulse 


tK 
Key pulse duration 
3.5 
3.8 
!J.S 


tfb 
Delay between flyback pulse and 
Vs= 
1.7 V 
0.2 
I'S 
blanking pulse 
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tg 
Gating 
pulse 
duration 
7.5 
IlS 


t 
Phaserelation between middle of 
sync pulse and trailing and leading 
3.75 
IlS 
edge of gating pulse 


Vll 
Output voltage 
with 
coincidence 
6.8 
V 
without 
coincidence 
4 


III 
Peak 
output 
current 
0.5 
mA 


Vll 
Input voltage 
o to 4 or 8.5 to 12 
V 


-Ill 
Output 
current 
35 
I 
I 
IlA 


III 
Output 
current 
0.4 
I 
I 
mA 


V12 
Output voltage 
3 
V 


R12 
Output 
resistance 
4.5V < Vu < 8V 
100 
fI. 


Vll 
> 8.5V or Vll 
< 4V 
40 
KfI. 


V14 
Low level threshold voltage 
5.4 
V 


V14 
High level threshold vOltage 
8.2 
V 


114 
Charge 
current 
0.6 
mA 


114 
Discharge 
current 
0.3 
mA 


V15 
Current 
source 
supply 
voltage 
3 
V 


115 
Current 
source 
supply 
current 
0.3 
mA 


fa 
Free 
running 
frequency 
15625 
Hz 


tdo 
Adjustment range 
± 10 
% 
t;;- 


tdo 
Frequency 
control 
sensitivity 
Hz 
~5 
52 
J;A 


tdo 
Frequency 
change 
when 
V s drops 
to 4V 
± 10 
% 
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Vs 
Control voltage range 
9.4 to 8.2 
V 


Is 
Peak 
controi 
current 
± 0.5 
mA 


Is 
Input current (blocked phase 
5 
JJA 
detector! 


td 
Permissible delay between output 
pulse leading edge and flyback pulse 
tp - tf 
JJS 


leading edge 


6t 
Static 
control 
error 
0.2 
% 
~ 


V13 
Control voltage range 
4.6 to 1.4 
V 


113 
Control 
peak current 
±2 
mA 
M 
Phaselock loop gain 
2 
KHz 
lit 
JJs 


f 
Catching and holding range 
± 700 
Hz 


to 
Phase 
relation 
between 
middle 
of 
flyback pulse and middle of sync 
2.6 
JJS 


pulse 


6Vs 


Adjustment 
sensitivity 
65 
mV 


6to 
-- 
JJS 


61s 
Adjustment 
sensitivity 
10 
~ 


6to 
JJS 
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U- 


_1P- 
OUTPUT 
PULSE 


PIN 
3 


~-34Jl/1 
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Fig. 
3 
- 
Free 
running 
fre- 
quency 
vs. 
supply 
VO:_~~,~e 


- 
- 
- 
- 
I 


Fig. 
4 
- 
Overall 
phase 
rela- 
tion 
vs. supply 
voltage 


) 
I 


--!1-~~~;E 


~LVBACI\ 


• 
: '1 
PUL~E 


Pin 1 - 
Positive supply 


The operating 
supply 
voltage 
of the device 
ranges 
from 
10V to 13.2V. 


Pin 2 and 3 - 
Output 


The 
outputs 
of TDA 
1180P 
are suitable 
for driving 
transistor 
output 
stages, 
they 
deliver 
positive 
pulse 
at 
pin 3 and negative 
pulse 
at pin 2. 


The 
negative 
pulse 
is used 
for direct 
driving 
of the 
output 
stage, 
while 
positive 
pulse 
is useful 
when 
a 
driver 
stage 
is required. 


The 
rise and 
fall times 
of the 
output 
pulses 
are about 
150 
ns so that 
interference 
due 
to radiation 
are 
avoided. 
Furthermore 
the output 
stages are internally 
protected 
against 
short 
circuit. 


Pin 4 - 
Protection circuit input 


By connecting 
pin 4 of the Ie to earth 
the 
output 
pulses 
at pin 
2 and 
3 are shut 
off; this function 
has 
been 
introduced 
to protect 
the final 
stages from 
overloads. 


The same pulses 
are also shut 
off when 
the supply 
voltage 
falls below 
4V. 


To compensate 
for the delay 
introduced 
by the 
line final 
stages, 
the fly back 
pulses 
to pin 6 and the oscil- 
lator waveform 
are compared 
in the oscillator-flyback 
pulse 
phase 
comparator. 
The 
result 
of the 
comparison 
is a control 
current 
which, 
after 
it has been filtered 
by the external 
capa- 
citor 
connected 
to pin 
5, is sent 
to a phase 
shifter 
which 
adequately 
regulates 
the 
phase 
of the output 
pulses. 
The maximum 
phase 
shift allowed 
is: 


where 
tl is the flyback 
pulse 
duration. 


Pin 5 has high input 
and output 
resistance 
(current 
generator). 
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Pin 6 - 
Flyback 
input 


The 
flyback 
pulse 
drives 
the 
high 
impedance 
input 
through 
a resistor 
in order 
to limit the 
input 
current 
to suitable 
maximum 
values. 


The 
flyback 
input 
pulses 
are processed 
by a double 
threshold 
circuit; 
this generates 
the 
blanking 
pulses 


by sensing 
low level flyback 
voltage 
and 
the 
pulses 
to drive 
the 
phase 
comparator 
by sensing 
high level 
flyback 
voltage, 
therefore 
phase 
jitter 
caused 
by ringing 
normally 
associated 
with 
the 
flyback 
pulse, 
is 
avoided. 


Pin 7 - 
Key and blanking pulse output 


The 
key 
pulse 
for 
taking 
out 
the 
burst 
from 
the 
chrominance 
signal 
is generated 
from 
the 
oscillator 
ramp 
and has therefore 
a fixed 
phase 
position 
with 
respect 
to the 
sync. 
The 
key 
pulse 
is then 
added 
internally 
to the 
blanking 
pulse 
obtained 
by 
correctly 
forming 
the flyback 
pulse 
present 
at pin 6. 


The 
sum of the two signals 
(sandcastle 
pulse) 
is available 
on low impedance 
at output 
pin 7. 


Pin 8 and 9 - 
Sync 
separators inputs 


The 
video 
signal 
is applied 
by 
means 
of 
two 
distinct 
biasing 
networks 
to pins 
8 and 
9 of the Ie and 


therefore 
to the 
respective 
vertical 
and horizontal 
sync separators. 


The 
latter 
take 
the 
sync 
pulses 
out 
of the video 
signal and make 
them 
available 
to the 
rest of the circuit 
for further 
processing. 


An 
amplitude 
detector 
also 
connected 
to 
pin 
8, blocks 
operation 
of the 
sync 
separators 
when 
inter- 
ference 
or noise 
peaks 
exceed 
a certain 
preset 
value. 


Pin 10 - 
Vertical 
sync output 


The 
vertical 
sync 
pulse, 
obtained 
by internal 
integration 
of the 
synchronizing 
signal, 
is available 
at this 


pin. 
The 
output 
impedance 
is typically 
10Kn 
and the 
lowest 
amp Iitude 
without 
load 
is 11 V. 


From 
the 
oscillator 
waveform 
a gate 
pulse 
7 /-,s wide 
is taken 
whose 
phase 
position 
is centered 
on the 
horizontal 
syncronism. 
The 
gate 
pulse 
not 
only 
controls 
a logic block 
which 
permits 
the sync to reach 
the oscillator-sync 
phase 


comparator 
only 
for as long as its duration, 
but 
also allows 
the 
latching 
and 
de-latching 
conditions 
of 
the oscillator 
to be established. 


This 
function 
is obtained 
by a coincidence 
detector 
which 
compares 
the 
phase 
of the 
gate 
pulses 
with 
that 
of the sync. 


When 
the 
two 
signals 
are not 
accurately 
aligned 
in time 
it means 
that 
the oscillator 
is not synchronized. 
In this 
case the 
detector 
acts 
on the 
logic block 
to eliminate 
its filtering 
effect 
and on the time 
constant 
switching 
block 
to establish 
a high impedance 
on pin 12 (small time 
constant 
of low-pass 
filter). 


This 
latter 
block 
also acts 
on the oscillator-sync 
phase 
detector 
to increase 
its sensitivity 
and with 
it the 


loop gain of the synchronizing 
system. 


In this 
conditions 
the 
phase 
lock 
has low noise 
immunity 
(wide 
equivalent 
noise 
bandwidth) 
and rapid 
pull-in 
time 
wh ich allows 
fairly 
short 
synchronization 
times. 
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Once locking has taken place the coincidence detector enables the logic block, causesa low impedance 
on pin 12 and reduces the sensitivity of the phase comparator. 
In these conditions 
the phase lock has high noise immunity 
(narrow equivalent noise bandwidth) 
due to 
the complete elimination 
of interference which occurs during the scanning period and the greater inertia 
with which the oscillator can change its frequency. 
To optimize 
the behaviour of the Ie if a video recorder is used, the state of the detector can be forced 
by connecting pin 
11 to earth or to +Vs' The characteristics of the phase lock thus correspond to the 
lack of synchronization. 


Pin 13 - 
Control current output 


The oscillator 
is synchronized 
by comparing the phase of its waveform with that of the sync pulses in 
the oscillator-sync 
phase comparator 
and sending its output 
current 
113 (proportional 
to the phase dif- 


ference between the two signals) to pin 15 of the oscillator 
after it has been filtered 
properly 
with 
an 
external low-pass circuit. 
The time constant 
of the filter 
can be switched between two values according to the impedance pres- 
ented by pin 12. 
The voltage limiter 
at the output 
of the phase comparator 
limits the voltage excursion on pin 13 and 
therefore the frequency range in which the oscillator remains held-in. 
The output 
resistance of pin 13 is : 


low when 
V 13 > 4.3V or V 13 < 1.6V 
high when 
1.6V < V 13 < 4.3V 


To prevent the vertical 
sync from 
reaching the oscillator-sync 
phase comparator 
along with 
the hori- 
zontal 
sync, a signal which 
inhibits 
the phase detector 
during the vertical 
interval 
is taken from the 
vertical output 
stage; inhibition 
remains even if the video signal is not present. 
The free running frequency 
of the oscillator 
is determined 
by the values of the capacitor and of the 
resistor connected to pins 14 and 15 respectively. 
To generate the line frequency 
output 
pulses, two thresholds are fixed along the fall ramp of the trian- 
gular waveform of the oscillator. 
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Fig. 10 - Application 
circuit 
for high definition 
TV Monitors; fM= 31250 Hz; sync input signal TTL 
compatible. 


Line- sync. 
input 
signalaS 


y 
_ 
t5 
. 


o 
tH 
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• Fre-quency 
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LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
1190 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package. 
It performs 


all the functions 
needed 
for the TV sound 
channel: 


IF limiter-amplifier 
Active 
low-pass 
filter 
FM detector 
DC volume 
control 
AF preamplifier 
AF output 
stage 
The 
TDA 
1190 
can 
give 
an output 
power 
of 4.2W 
(d = 10%) 
into 
a 16.11 load 
at Vs = 24V, 
or 
1.5W 
(d = 10%) 
into 
an 8.11 load 
at Vs = 12V. 
This 
performance, 
together 
with 
the 
FM-IF 
section 
characte- 


ristics 
of high 
sensitivity, 
high AM rejection 
and 
low distortion, 
enables 
the device 
to be used 
in almost 
every 
type 
of television 
receivers. 
The 
device 
has no irradiation 
problems, 
hence 
no external 
screening 
is needed. 


Supply 
voltage 
(pin 
10) 
Input 
signal voltage 
(pin 1) 
Output 
peak current 
(non-repetitive) 
Output 
peak current 
(repetitive) 
Power 
dissipation: 
at Ttab 
= 90°C 
at T amb = 80°C 
(free air) 
Storage 
and junction 
temperature 


28 
1 
2 
1.5 
5 
1 
-40 to 150 


~ 
[In.'y 
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snFJ:C8 


~16V 


c, 
1.- 
68pF 


A 
I 
C7 
-~?' LU1'·,PF 


l"12,uH 
00"80 
'o=55MH<: 


Cll 


fOOO 


"FI16V 


CI3 


110p 
~12 
Rl 
"F 


R3 


el2 
lfi 


::EF.J.. 


Vs 
12 
24 
V 


Rl 8 
16 nl 


Rl 
18 10 ~ 


Rth j-tab 
Rthj-amb 


Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


12 
°C/W 
70* °C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the test 
circuit, 
V, = 24V. Tamb = 25°C unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V, 
Supply voltage (pin 10) 
9 
28 
V 


Vo 
Quiescent output 
voltage (pin 9) 
Vs = 24V 
11 
12 
13 
V 


Vs=12V 
5.5 
6 
6.5 
V 


Id 
Quiescent drain current 
P1 = 2.2 kn 
V, = 24V 
22 
35 
mA 


V, = 12V 
19 
31 
mA 


Po 
Output power 
d 
= 10% 


fo 
= 5.5 MHz 
fm = 1 kHz 
M = ± 25 kHz 
Vs = 24V 
RL = 16 n 
4.2 
W 
V, = 12V 
RL= 
8n 
1.5 
W 
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Parametar 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Po 
Output power 
d 
= 2% 


fa = 5.5 MHz 
fm~lkHz 
lit ~ ± 25 kHz 
Vs = 24V 
RL ~ 16 n 
3.4 
W 
Vs = 12V 
RL= 
8n 
1.35 
W 


Vi 
Input limiting voltage 
fa ~ 5.5 MHz 
(-3 dB) at pin 1 
fm = 1 kHz 
lit ~ ± 7.5 kHz 
P1 = 0 
30 
/.IV 


d 
Distortion 
Po ~ 50 mW 
fa = 5.5 MHz 
fm = 1 kHz 
lit = ± 7.5 kHz 
Vs = 24V 
RL = 16 n 
0.55 
% 


Vs=12V 
RL= 
8n 
0.65 
% 


B 
Frequency response of 
RL ~ 16 n 
audio amplifier 
C10 ~ 220 pF 
(-3 dB) 
C12= 1000pF 
P1 = 2.2 kn 
Rf = 18n 
50 to 12,000 
Hz 
Rf = 10 n 
50 to 
9,100 
Hz 


Va 
Recovered audio 
Vi ~ 1 mV 
voltage (pin 12) 
fa = 5.5 MHz 
fm=lkHz 
lit = ± 7.5 kHz 
P1 ~ 0 
60 
mV 


AMR 
Amplitude modulation 
Vi;;> 1 mV 
rejection 
fa = 5.5 MHz 
fm = 1 kHz 
lit = ± 50 kHz 
m = 0.3 
55 
dB 


S+N 
Signal to noise ratio 
Vi;;> 10mV 
-- 
N 
fa = 5.5 MHz 
Va = 4V 
fm=lkHz 
M = ± 50 MHz 
70 
dB 


Rf 
Internal feedback 
resistance (pins 7 and 9) 
3.5 
5 
6.5 
kn 


Ri 
Input resistance(pin 1) 
Vi = 1 mV 
30 
Kn 
fa ~ 5.5 MHz 
C, 
Input capacitance (pin 1) 
5 
pF 


SVR 
Supply voltage rejection 
RL = 16n 
f ripple = 100 Hz 
P1 ~ 2.2 k n 
46 
dB 


A 
DC volume 
control 
attenuation 
Pl = 2.2 k n 
90 
dB 
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Fig. 
1 - Relative 
audio 
out- 


put voltage 
and output 
noise 
vs. input 
signal. 


Fig. 
4 
- l'>AMR vs. tuning 
frequency 
change 


Fig. 
7 
- 
Distortion 
vs. fre- 
quency 
deviation 
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Fig. 2 - Output 
voltage 
atte- 
nuation 
vs. DC volume 
con- 
tra I resistance 
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Fig.5 
- Recovered 
audio 
vol- 
tage 
vs. 
unloaded 
Q factor 
of the detector 
coil 
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Fig.8 
- Distortion 
vs. tuning 
frequency 
change 
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Fig. 3 - Amplitude 
modula- 
tion 
rejection 
vs. input 
signal 
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Fig.6 
- Distortion 
vs. output 
power 


Fig.9 
- Audio 
amplifier 
fre- 
quency 
response 
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Fig. 
10 
- 
Supply 
voltage 


ripple 
rejection 
vs. 
ripple 
frequency 


Fig. 
13 - Maximum 
power 
dissipation 
vs. supply 
voltage 
(sine wave operation) 
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Fig. 
11 
- 
Supply 
voltage 
ripple 
rejection 
vs. 
volume 
control 
attenuation 
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-- 
~Vr'PPI.=2Vpp 


~.~ 
_RL 
-1liJl. 


Rt 
'10.0 


t"pplf'IOOHZ 


- 
-t-"bf 
-0 


Fig. 
12 - Output 
power 
vs. 
supply 
voltage 


Y, '1mV 
d 
,10'/, 
'0 =551041-12 
'm"kHz 


-b.l 
•• 25kHz 


°0=80 


Fig. 
15 - Quiescent 
output 
voltage 
(pin 
9) 
vs. 
supply 
voltage 


Fig. 
14 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 


The 
electrical 
characteristics 
of the 
TDA 
1190 
remain 
almost 
constant 
over 
the 
frequency 
range of 4.5 
to 6 MHz, therefore 
it can be used 
in all television 
standards 
(FM mod.). 
The TDA 
1190 has a high input 
impedance, 
so it can 
function 
with 
a ceramic 
filter 
or with 
a tuned 
circuit 
that 
provide 
the 
necessary 
input 
selectivity. 


The value of the resistor 
connected 
to pin 7, determines 
the AC gain of the audio 
frequency 
amplifier. 
This 
enables 
the 
desired 
gain to be selected 
in relation 
to the 
frequency 
deviation 
at which 
the output 
stage of the AF ampl ifier must 
enter 
into cl ipping. 
The 
capacitor 
connected 
between 
pins 
9 and 
8 determines 
the 
upper 
cut-off 
frequency 
of the 
audio 
band. 
The 
capacitor 
connected 
between 
pin 
12 and 
ground, 
together 
with 
the 
internal 
resistor 
of 
10 k.l1, 


forms 
the 
de-emphasis 
network. 
The 
Boucherot 
cell eliminates 
the 
high frequency 
oscillations 
caused 
by the 
inductive 
load and the wires connecting 
the 
loudspeaker. 


IDA 1190 


APPLICATION INFORMATION 
(continued) 


Fig. 16 - Typical application circuit 


Cl 
R4 


C7 


~2PF 


00=80 
1- 


10 = 5.5MHz 


47pF 
680Jl 
5nFr 


C8 


Volume 
p, 
22kO 


1 
lin1 


lOA 1190 


The 
R1h j-amb 
of the 
TDA 
1190 
can be reduced 
by soldering 
the 
tabs 
to a suitable 
copper 
area 
of the 


printed 
circuit 
board 
(Fig. 
18) or to an external 
heatsink 
(Fig. 
19). 


The 
diagram 
of figure 
20 shows 
the 
maximum 
dissipable 
power 
PIOI and 
the 
Rth j-amb 
as a function 
of 
the side "Q" of two equal 
square 
copper 
areas 
having 
a thickness 
of 351.l (1.4 mils). 


During 
soldering 
the 
tab temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 
The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 


Fig. 
18 - Exampler 
of P.C. board 
copper 
area 
which 
is used as heatsink 


Fig. 
20 - Maximum 
dissipa- 
ble 
power 
and 
junction 
to 
ambient 
thermal 
resistance 
vs. side "Q" 


Fig. 
19 
- 
External 
heatsink 
mounting 
example 


Fig. 
21 
- Maximum 
allowa- 
ble 
power 
dissipation 
vs. 
ambient 
temperature 
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LINEAR 
INTEGRATED 
CIRCUIT 
IDA 1190Z 


The 
TDA 
1190Z 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package. 
It performs 
all the functions 
needed 
for the TV sound 
channel: 
IF limiter-amplifier 
Active 
low-pass 
filter 
FM detector 
DC volume 
control 
AF preamplifier 
AF output 
stage 
The 
TDA 
1190Z 
can give an output 
power 
of 4.2W 
(d = 10%) 
into 
a 16n 
load 
at Vs = 24V, 
or 1.5W 
(d = 10%) 
into 
an 8n 
load 
at Vs = 12V. 
This 
performance, 
together 
with 
the 
FM-IF 
section 
charac- 
teristics 
of 
high 
sensitivity, 
high 
AM 
rejection 
and 
low distortion, 
enables 
the 
device 
to 
be used 
in 
almost 
every type 
of television 
receivers. 
The device 
has no irradiation 
problems, 
hence 
no external 
screening 
is needed. 


Supply 
voltage 
(pin 
10) 
Input 
signal voltage 
(pin 1) 
Output 
peak current 
(non-repetitive) 
Output 
peak current 
(repetitive) 
Power 
dissipation: 
at Ttab 
= 90°C 
at T amb = 80° 
(free air) 
Storage 
and junction 
temperature 


28 
1 
2 
1.5 
5 
1 
-40 to 150 


TOA 1190Z 


CONNECTION 
AND BLOCK DIAGRAM 
(top view) 


TOA 1190Z 


TEST CIRCUIT 


L1 
L: 'O"H 
9pF 
Vs 
Go :60 
C6 
C7 
C,2 
C'O 
,00nF 


C'4 
to=4.5 
MHz 
JT 


C9 


I 
I'OO/JF/3SV 


'20pF 


INPUT 
100nF 
10oo"F116V 
I C1 
10 
C11 
0 
9 


R' 
lOA 1190Z 
R3 
22 
,n 


son 
kn 
R4 


Vs 
12 
24 
v 
12 
11 


RL 
8 
16 
n 
Rf 


Rf 
82 
47 
.n 
RL 


Cl0 
220 
120 ~~ 
1 


C12 
00 
470 
R2 
un 
TABS 


47 
C2 
47 
C3 
C8 


rF 
nF 
7.5nF 
C4 
C13 
220nF 


SO"F!16V 


* RC=75ps 
T.P 
5-2964/\ 
(FM 
OISCRIMINATOR) 


Rthj-tab 
,. 


Rthj-amb 


Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the test 
circuit, 
Vs = 24V, 
Tamb = 25°C 
unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage (pin 10) 
9 
28 
V 


Vo 
Quiescent 
output 
voltage 
Vs = 24V 
11 
12 
13 
V 
(pin 9) 
Vs = 12V 
5.1 
6 
6.9 
V 


Id 
Quiescent drain current 
PI = 22 Kn 
Vs = 24V 
11 
22 
45 
mA 
Vs = 12V 
19 
40 
mA 


Po 
Output 
power 
d 
=10% 
fm=400Hz 


fo = 4.5 MHz 
tit = ±25kHz 
Vs = 24V 
RL = 16n 
4.2 
W 
Vs = 12V 
RL = 8n 
1.5 
W 


lOA 1190Z 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Po 
Output power 
d 
= 2% 
fm; 
400 Hz 
fo ; 4.5 MHz 
!If ; ±25 kHz 
Vs ; 24V 
RL;16n 
3.5 
W 
Vs;12V 
RL; 
8n 
1.4 
W 


Vi 
Input limiting voltage 
fo ; 4.5 MHz 
!If ; ±7.5 kHz 
(-3 dB) at pin 1 
fm;400Hz 
PI; 
0 
40 
100 
/lV 


d 
Distortion 
Po; 
50 mW 
fm;400Hz 
fo ; 4.5 MHz 
!If ;±7.5kHz 
Vs ; 24V 
RL; 
16n 
0.75 
% 


Vs; 
12V 
RL;8n 
1 
% 


B 
Frequency 
response 
of 
RL;16n 
CIQ;120pF 


audio amplifier (-3 dB) 
CI2; 
470 pF 
PI ; 22 kn 


R1; 
82n 
70 to 12000 
Hz 


R1; 
47n 
70 to 
7000 
Hz 


Vo 
Recovered audio voltage 
Vi'" 
1 mV 
fo ; 4.5 MHz 
(PIN.12) 
fm;400Hz 
!If ; ±7.5 kHz 
PI; 
0 
120 
mV 


AMR 
Amplitude moduiation 
Vj 
'" 
1 mV 
fo ; 4.5 MHz 


rejection 
fm;400Hz 
!If ; ±25 kHz 
m ; 0.3 
55 
dB 


S+N 
Signal to noise ratio 
Vi'" 
1 mV 
Vo;4V 
-- 
N 
fo ; 4.5 MHz 
fm; 
400 Hz 


!If ; ±25 kHz 
50 
65 
dB 


R1 
External feedback 


resistance 
25 
kn 


(between pins 7 and 9) 


Ri 
Input resistance(pin 1) 
Vi ; 1 mV 
30 
kn 


Cj 
Input capacitance (pin 1) 
fo ; 4.5 MHz 
5 
pF 


SVR 
Supply voltage rejection 
RL;16n 
friPPIe; 120 Hz 
PI ; 22 kn 
46 
dB 


A 
DC volume 
control 
PI ; 12 kn 
90 
dB 


attenuation 


lOA 1190Z 


Fig. 
1 - Relative 
audio 
out- 


put voltage 
and output 
noise 
vs. input 
signal 


Fig. 
4 
- t>Aiv1R vs. tuning 
frequency 
change 


RL~~I 
1 


00=60 
fm=4OQHz 
At=!25kHz 
I 


m=0.3 


foj4oSMHz 


\li~lmV 


-r 


+ 


Fig. 
7 
- 
Distortion 
vs. fre- 
quency 
deviation 


II)*lm" 


RL-16fl 
A,*41J\ 
fo=4.5MHI 
- 


f"'-400HI 
Po·2S0mW 
00·60 


Fig. 
2 - Output 
voltage 
at- 
tenuation 
vs. 
DC 
volume 
control 
resistance 


Fig.5 
- Recovered 
audio 
vol- 


tage 
vs. 
unloaded 
Q factor 
of the detector 
coil 


Vi .1",v 


fo-4.'5MHz 
1m-400Hz 
__ 


AI-!25kHz 


Fig. 8 - Distortion 
vs. tuning 


frequency 
change 


Fig. 3 - Amplitude 
modulat· 


ion rejection 
vs. input 
signal 


Fig. 6 - Distortion 
vs. output 


power 


- 


I 
"'s_12Y 
~.Z4¥ 
- 
- 
.....•" ......•" 


- 
- 


R _82n 
At-47J\ 


- 
- 


- 
~v 
fo=4.SMHz 


1",=4001'11: 
At =~25kHl 
00-60 


- 
-- 


- 
- 
- 
= 
=-~ 
- 
- 


Fig. 9 - Audio 
amplifier 
fre- 


q uency 
respo nse 


TOA 1190Z 


Fig. 
10 - Supply 
voltage 
rip- 
ple 
rejection 
vs. 
ripple 
fre- 
quency 


Vi 
·0 


JO 
•• ~. 
Vnpplt 
~2Ypp 


.... 
Rt 
z)6Jl 


10 
_ 
•••.•. 
R1 
.1,711 
PI 
:22 
kQ 
---,.....~. 


Fig. 
13 
- Maximum 
power 


dissipation 
vs. supply 
voltage 


(sine wave operation) 


Fig. 
11 - Supply 
voltage 
rip- 
, 


pie rejection 
vs. volume 
con- 
trol 
attenuation 


VI 
-limY 


Y"PPI,,=2Vpp 
1 


RL 
"16ft 
R1 
-l,7.l1 


lripplc·l10Hz 
4t 
-0 


Fig. 
12 - Output 
power 
vs. 


supply 
voltage 


I 
I 


Vi ·lm'" 
d 
.1)"1. 
'0 -4.5 104Hz 


tmt400Hz 
4,HZ5kHz 
°0·&0 


Rl-eft 
RL -161\ 


Fig. 
14 - Power 
dissipation 


and 
efficiency 
vs. 
output 
power 


Fig. 
15 - Quiescent 
output 


voltage 
(pin 
9) 
vs. 
supply 
voltage 


The 
electrical 
characteristics 
of the 
TDA 
1190Z 
remain 
almost 
constant 
over the frequency 
range of 4.5 


to 6 MHz, therefore 
it can be used 
in all television 
standard 
(FM mod.). 
The TDA 
1190Z 
has a high input 
impedance, 
so it can 
function 
with 
a ceramic 
filter 
or with 
a tuned 
circuit 
that 
provide 
the 
necessary 
input 
selectivity. 
The 
value 
of the 
resistors 
connected 
to pin 7, determine 
the 
AC gain 
of the audio 
frequency 
amplifier. 


This 
enables 
the 
desired 
gain to be selected 
in relation 
to the 
frequency 
deviation 
at which 
the output 
stage of the AF amplifier 
must 
enter 
into clipping. 


The 
capacitor 
connected 
between 
pins 
9 and 
8 determines 
the 
upper 
cut-off 
frequency 
of the 
audio 


band. 
If larger bandwidth 
is required 
ClQ, C12 must 
be reduced 
keeping 
C12/ClQ 
as in Fig. 16. 
The 
capacitor 
connected 
between 
pin 
12 and 
ground, 
toghether 
with 
the 
internal 
resistor 
of 
10 Kn, 


forms 
the 
de-emphasis 
network. 
The 
Boucherot 
cell eliminates 
the 
high frequency 
oscillations 
caused 


by inductive 
load and the wires connecting 
the 
loudspeaker. 


lOA 1190Z 


~ 


I 
! 


R2 
4.7 n 
TABS 


4712 
47 
C3 ce.l.75nFI 
10kn 
rr~ 


, 
OV, 


~C14 


::: 
100"F!25V 


L= 10"H 


Qo =60 
'0.::4.5 
MHz 
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The 
R.,hj-amb 
of the TDA 1190Z can be reduced by soldering the tabs to a suitable copper area of the 


printed circuit board (Fig. 18) or to an external heatsink (Fig. 19). 
The diagram of figure 20 shows the maximum 
dissipable 
power Ptot and the 
Rth j-amb as a function 


of the side "Q" of two equal square copper areas having a thickness of 35" (1.4 mils). 
During soldering the tab temperature 
must not exceed 260°C and the soldering time must not be longer 


than 12 seconds. 
The external heatsink or printed circuit copper area must be connected to electrical ground. 


Fig. 18 - Example of P.C. board copper area which is used 
as heatinsk 


j 
~-.I 


Fig. 20 - Maximum dissipa- 
ble power 
and junction 
to 
ambient 
thermal 
resistance 
vs. side "Q" 


Fig. 19 - External heatsink mounting 
example 


Fig. 21 - Maximum allowa- 
ble 
power 
dissipation 
vs. 


ambient temperature 


10A1200 
LINEAR 
INTEGRATED 
CIRCUIT 


FM-I F RADIO SYSTEM 


• 
HIGH LIMITING 
SENSITIVITY 
• 
HIGH AMR 
• 
HIGH RECOVERED AUDIO 
• 
GOOD CAPTURE RATIO 
• 
LOW DISTORTION 
• 
MUTING CAPABILITY 


The TDA 
1200 is a monolithic 
integrated circuit 
in a 16-lead dual in-line 
plastic package. It provides 
a complete subsystem for amplification 
of FM signals. 


The functions 
incorporated are: 


FM amplification 
and detection 
Interchannel controlled 
muting 
AFC and delayed AGC for FM tuner 
Switching of stereo decoder 
Driving of a field strength meter 
The TDA 
1200 can be used for FM-IF 
amplifier 
application 
in HI-FI, 
car-radios and communication 
receivers. 


Supply voltage 
Output current (from pin 15) 
Total power dissipation at Tamb 
~ 70°C 
Storage temperature 
Operating temperature 


16 
2 


800 
-55 to 150 
-25 to 
70 


V 
mA. 
mW 


°C 
°C 


A 


~W 


TDA1200 


CONNECTION 
DIAGRAM 
(top view) 


IF 
INPUT 


BYPASS 


BY PASS 


N.C. 


AGC OUTPUT 


GROUND 


MU TE INPUT 


AUDIO OUTPUT 


AFC OUTPUT 


GROUND 
FIEL D STRENG TH 
METER 


MUTE OUTPUT 


SUPPLY VOLTAGE 


REF. 
BIAS 


-----0 
TO 
STEREO 


THRESHOLD 
LOGIC CIRCUITS 


10A1200 


lOA 1200 


V5:12V 


11OkO 
I;,7QkQ 


~ 


FIELD 
STRENGTH 


METER 
OUTPUT 
]3kn 
I 


I 
••• 
~ 
•••• 
, - 
2.2~H 
lOOpFl 
: 


IO.7MHz 
INPUT 
~~~.' 
J j I 


1 
~OnF 


lOnF 


"pH~j 


'I 


I--~AFC 


1 
OUTPUT 


~4.7kn 
. 
AUDIO 
~~-sn-;- 
-('OUTPUT 


ELECTRICAL 
CHARACTERISTICS 


(Refer 
to the test 
circuit; 
Vs = 12 V, Tamb = 25°C) 


Is 
Supply 
current 
23 
mA 


VI 
Voltage 
at the 
IF 
amplifier 
input 
1.9 
V 


V2, V3 
Voltage 
at the 


input 
bypassing 
1.9 
V 


V6 
Voltage 
at the 


audio 
output 
5.6 
V 


VlO 
Reference bias voltage 
5.6 
V 


10A1200 


________ 
p_a_ra_m_et_8_r 
~ 
T_8_st_c_O_nd_i_ti_o_ns 
I Min. ITyp. IMax. 8 


Vi{threshold) 
Input limiting voltage 
(-3 dB) at pin 1 
10 
= 
10.7 MHz 


1m = 
1 kHz 


t.f 
= 
± 25 kHz 
12 
j.lV 


Va 
Recovered audio 
voltage (pin 6) 
Vi 
;. 50 j.lV 


10 
= 
10.7 MHz 
1m = 
1 kHz 


LIT = 
± 25 kHz 
140 
mV 


d 
Distortion 
V· 
~ 
'I mV 
05 
% 
I 
10 
= 10.7 MHz 


S+N 
Signal to noise ratio 
1m = 1 kHz 
-N- 
LIt 
= 
± 75 kHz 
60 
dB 


AMR 
Amplitude modulation 
rejection 
Vi 
;. 1 mV 
10 
= 
10.7 MHz 


1m = 1 kHz 
LIt 
= 
± 25 kHz 
m 
= 0.3 
40 
dB 


Vi 
Input voltage for delayed 
AGe action (pin 11 
10 
mV 


LlV1S 
AGC control slope 
Vi 
;'10mV 


""Wi 
fO ~ 10.7 MHz 
40 
dB 


~ 
AFC control slope 
1 
j.lA 
81 
kHz 


LlVl3 
Field strenght meter 


t::Vj 
output slope 
42 
dB 
-- 


Vl3 
Field strength meter 
output 
sensitivity 
Vi 
= 
1 mV 
10 
= 
10.7 MHz 
1.7 
V 


10A1200 


Fig. 1 - Recovered 
audio 
and 
noise 
versus 
input 
voltage 


.,l 
>; 
- 
-l- 


·a 
L 


Fig. 4 - AFC output 
current 
versus 
change-in 
tuning 
fre- 


quency 


"'s 
~12v 
v, 
=lOmv 
lAmb 
=l5"C 
"5=0 


Fig.2 
- Capture 
ratio 
versus 
input 
voltage 


Fig. 5 - Amplitude 
modula- 


tion 
rejection 
versus 
input 
signal 


Fig. 3 - AGC (V 15) and field 
strength 
meter 
output 
(V 13) 


versus 
input 
signal 


V15,V13 
II 


(V) 
I 


Fig. 
6 
- 
AMR 
(relative 
to 


the 
value 
of fo = 10.7 MHz) 


versus 
change-in 
tuning 
fre- 


quency 


10A1200 


1-------------1 
~~ r 
OV5" 
"V 
. 
I =t07nF 


I 


(7 
n.1}JF 
120kfi 
470kO 
MUTE 
CONTROL 


U"Cs 


R6* 
I 1'---- --------, 


I 


I 
I 


I 
I 


I 
I 


I 
I 
I 
I 
____ ::.22"~_4 
.J.. 


FIELD 
STRENGTH 
METER 


~ 
loon 
~ 
)'-/ 


FM~ 


TUNE~ 


TQAUDIQ 


10nF 
AMPLIF 


C6 


I 


10,"F 
J 


12 v 
---------------- 
--- - ------ 


5·0402/2 


NOTES: (1) When V 5 is lessthan 12V, a resistor R8 = 12 kn must be connected between audio output and ground, 


and the integrator capacitor C5 must be changedto 10 nF, asfollows: 


4.7kfi 


p'n 
6 
VO 


R' 
C5 .l- 
RB 
10nFI 
12110 


S-04OJ 


Dependent on field strength meter sensitivity. 
Dependent on the tuner's AFC circuit. 
L2 tunes with 100 pF at 10.7 MHz (00 = 75). 


10A1220A 
LINEAR 
INTEGRATED 
CIRCUIT 


The TDA 
1220A is a monolithic 
integrated circuit 
in a 16-lead dual in-line plastic package designed for 


use in portable and home AM-FM 
radio sets aswell as in industrial communication 
systems. 


The functions 
incorporated 
are: 


AM 
SECTION 
Preamplifier 
and double balanced mixer 
Local oscillator 
IF amplifier 
with 
internal AGC 
Balanced detector 
AF preamplifier 


The TDA 
1220A is suitable for all AM and FM broadcasting bands and it features: 


• 
Very low noise 


• 
High sensitivity 
• 
Wide supply voltage range (2.8 -7-16V) 
• 
Low quiescent current 
(9 mAl 
• 
Very simple DC switching of AM-FM 
sections 


• 
Minimized 
number of external components 


• 
Local oscillator 
up to 30 MHz 


FM SECTION 
IF amplifier 
Quadrature detector 
AF preamplifier 


Supply voltage 
Total power dissipation at Tamb < 110 DC 
Operating temperature 
Storage and junction 
temperature 


16 
V 


400 
mW 
-20 to 
85 
DC 
-55 to 150 
DC 


A 


~W 


10A1220A 


LOCAL 
OSCILLATOR 
'0 
IF 
FM 
INPUT 


AM 
INPUT 
1'S 
IF FM 
BYPASS 


MIXER 
OUT 
14 
IFFM 
BYPASS 


AMPLIFIED 
'3 
FM 
DETECTOR 
AGG 
(BYPASS) 


AM IF 
INPUT 
12 
FM 
DETECTOR 


AM 
DETECTOR 
6 
11 
GROUND 


AM 
DETECTOR 
7 
'0 
'Vs 


AGe 
(BYPASS) 
B 
AF 
OUTPUT 


5-214611 


'J 


AM 
" 
, 
"ERRIIE 
- 
' 


ANTENNA 
~ 
~ 
'--- 


lOA 1220A 


TDA1220A 


ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
Vs = 9V unless 
otherwise 
specified, 
refer to 


test 
ci rcu it) 


Vs 
SuppIy Voltage 
2.8 
16 
V 


Id 
Drain current 
AM section 
9 
15 


mA 


FM section' 
9 
15 


AM 
SECTION (fo = t MHz; fm = 1 KHz) 


Vi 
Input sensitivity 
SiN = 26 dB 
m = 0.3 
12 
25 
J1.V 


SiN 
Ultimate quieting 
Vi~10mV 
m = 0.3 
50 
60 
dB 


!',vi 
AGC range 
6Vout~10dB 
m = 0.3 
80 
dB 


Vo 
Recovered audio signal (pin 9) 
Vi = 1 mV 
m = 0.3 
40 
80 
160 
mV 


d 
Distortion 
Vi= 
1 mV 
m = 0.8 
1 
3 
% 


d 
Distortion 
Vi ~ 1 mV 
m = 0.3 
0.4 
1 
% 


VH 
Max input signal handling 
m = 0.8 
d = 10% 
80 
mV 
capability 


Ri 
Input resistance between pins 2 
m=O 
7.5 
K.fI. 
and 4 


Ci 
Input capacitance between 
m=O 
18 
pF 
pins 2 and 4 


Ro 
Output resistance (pin 9) 
7 
KI1 


FM SECTION (fo = 10.7 MHz; fm = 1 KHz) 


Vi 
Input limiting voltage 
-3 dB limiting point 
36 
J1.V 


AMR 
Amplitude 
modulation rejection 
M = ± 22.5 KHz 
35 
48 
dB 
Vi ~ 3 mV 


SIN 
Ultimate quieting 
6f = ± 22.5 KHz 
Vi = 1 mV 
55 
70 
dB 


d 
Distortion 
(single tuned) 
61 = ± 75 KHz 
Vi = 1 mV 
0.7 
3 
% 


d 
Distortion 
(double tuned) 
61 = ± 22.5 KHz 
Vi = 1 mV 
0.2 


V o· 
Recovered audio signal (pin 9) 
61 = ± 22.5 KHz 
Vi= 
1 mV 
40 
80 
160 
mV 


Ri 
Input resistance between pin 16 
M~O 
6.5 
K.fI. 


and ground 


Ci 
Input capacitance between 
61=0 
14 
pF 
pin 16 and ground 


Ro 
Output resistance (pin 9) 
7 
K.fI. 


- 
- 
- 
,- 
- 
,---, 
TOKO 6A6574 


I, 
: TOKa , ,[561 
:A"2: 
: 
: 
P~lF 


I 
I 
I 
I C10 
I 
L 
_ 
J 


r8:g----~ 
: 
I- 
i 
:- 100--- 


1 
: 
:~C6; 
__ 
~M 


1 
-- 
I 
I 
AM 


I 
-- 
I 
~ __ -::.~ 
__ j 


IHH I 
TI)Ku 
I\AI..S-K586-HM(sing'~tun~dl 
l~ 
~ 
TOKa 125LC-JOO57PV/I2:LC-JOOS8PV 
(doubl. 
"n.d) 


'Kn 


KACS 


rlR1 
R3 DC3 
~~, 
~ --e:J- 
C4 
« 
) f5 
22,.. H 
C8 
TOKO 


6A 6574 
c90R 
C7 
DC11 


~ 
:~ 


[)c10 
CFT006H o~ 


VELLOW~~El 
R6 + 


R2 
~ 
A 
C2 
-c::r 
WC1VC13 
c::::::J 


10A1220A 


Fig. 2 - 
Drain current 
vs. 
supply voltage. 
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Fig. 5 - Distorsion vs. input 
signal (AM section) 


Fig. 8 - Audio 
output 
vs. 


supply voltage with DC level 
shift 
resistor 
(AM section) 


f L 
f 
1 
f 


"0 
:lMHz 


fm:1~Hz 
m :0.3 


Fig. 3 - Audio 
output 
and 


signal to noise ratio vs. input 
signal (AM section) 


Fig. 6 - Distortion vs. modu- 
lation 
index 
(AM 
section) 


Fig. 9 - Audio 
output 
vs. 


supply voltage (AM section) 


Fig. 4 - Audio output 
and 
signal to noise ratio vs. input 
signal (AM section) 


Fig. 
7 
- 
Amplified 
AGC 
voltage 
(pin 
4) 
vs. input 
signal (AM section) 
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Fig. 10-L'lDCvoltage(pin 
9) 
vs. 
ambient 
temperature 
(FM section) 
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Fig. 11 - Audio output 
and 
signal to noise ratio vs. input 
signal (FM section) 


Fig. 14 - Amplitude 
modu- 


lation 
rejection 
vs. 
input 
signal (FM section) 


'15:9 
..•• 


'o:10.7MHz 


i/lol :t22.5KHz 


~m~ '~HZ 


Fig. 17-t.DC 
output voltage 
(pin 9) vs. frequency 
shift 
(FM section) 


Fig. 
12 
frequency 
section) 


Distorsion 
vs. 


deviation 
{FM 
Fig. 
13 
Distortion 
vs. 
input 
signal 
(FM 
section) 


Fig. 16 - Audio 
output 
vs. 


supply voltage with DC level 
shift 
resistor 
(FM 
section) 


Fig. 19 - DC output voltage 
(pin 9) with 
DC level shift 
resistor 
vs. supply 
voltage 


(FM section) 
-. , 
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Fig. 15 - Audio 
output 
Vs. 
supply voltage (FM section) 


Fig. 18 -- DC output voltage 
(pin 
9) 
vs. supply 
voltage 
(FM section) 
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IF Amplifier 
and limiter 


The 
10.7 
MHz 
IF signal 
from 
the 
ceramic 
filtEfr is amplified 
and 
limited 
by a chain 
of four 
differential 
stages. 
Pin 
16 is the 
amplifier 
input 
and 
has 
a typical 
input 
impedance 
of 6.5 
Kl1. in parallel 
with 
14 pF at 


10.7 MHz. 
Bias for the 
first 
stage 
is available 
at pin 
14 and 
provides 
100% 
DC feedback 
for stable 
operating 
con- 


ditions. 
Pin 15 is the 
second 
input 
to the 
amplifier 
and 
is decoupled 
to pin 
14, which 
is grounded 
by a 


20 nF capacitor. 
An 
RLC 
network 
is connected 
to 
the 
amplifier 
output 
and 
gives 
a 90° 
phase 
shift 
(at the 
IF centre 


frequency) 
between 
pins 
13 and 
12. The signal level at pin 13 is about 
150 mV rms. 


FM Detector 


The 
circuit 
uses a quadrature 
detector 
and 
the 
choise 
of component 
values 
is determined 
by the accept- 


able 
level of distortion 
at a given recovered 
audio 
level. 


With 
a double 
tuned 
network 
the 
linearity 
improves 
(distortion 
is reduced) 
and 
the 
phase 
shift 
can 
be 


optimized; 
however 
this 
leads to a reduction 
in the level of the 
recovered 
audio. 
A satisfactory 
compro- 
mise for most 
FM receiver 
applications 
is shown 
in the test circuit. 


Care shou Id be taken 
with 
the physical 
layout 
The main 
recommandations 
are: 


• 
Locate 
the phase 
shift coil as near as possible 
to pin 
13. 
• 
Shunt 
pins 
14 and 
16 with 
a low value 
resistor 
(between 
5611. and 33011.). 
• 
Ground 
the decoupling 
capacitor 
of pin 14 and the 
10.7 MHz input 
filter 
at the same point. 


If the 
supply 
voltage 
goes under 
6V add 
a DC level shift 
resistor 
of 18 Kl1. from 
pin 9 to ground 
and 


change 
C11 to 8 nF. 


AM-FM 
Switching 


AM-FM 
switching 
is achieved 
by applying 
a DC voltage 
at pin 
13, to switch 
the 
internal 
reference. 


Pins 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Unit 


AM 
9 
1.3 
9 
1.3 
1.3 
9 
9 
0.7 
2 
9 
0 
0 
0 
8.4 
8.4 
8.4 
V 


FM 
9 
0.4 
9 
0.4 
0 
9 
9 
0 
2.6 
9 
0 
9 
9 
8.1 
8.1 
8.1 
V 
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RF Amplifier 
and mixer 
stages 


The 
RF amplifier 
stage 
(pin 2) is connected 
directly 
to the secondary 
winding 
of the ferrite 
rod antenna 


or input 
tuned 
circuit. 
Bias is provided 
at pin 4 which 
must 
be adequately 
decoupled. 
The 
RF amplifier 


provides 
stable 
performance 
extending 
beyond 
30 MHz. 


The Mixer employed 
is a double 
- balanced 
multiplier 
and the 
IF output 
at pin 3 is connected 
directly 
to 


the 
IF filter 
coil. 


local 
oscillator 


The 
local oscillator 
is a cross 
coupled 
differential 
stage 
which 
oscillates 
as the frequency 
determined 
by 
the 
load on pin 1. 


The 
oscillator 
resonant 
circuit 
is transformer 
coupled 
to pin 
1 to improve 
the 
Q factor 
and 
frequency 


stability. 
The oscillator 
level at pin 1 is about 
100 mV rms and the performance 
extends 
beyond 
30 MHz, however 


to enhance 
the stability 
and reduce 
to a minimum 
pulling 
effects 
of the AGC operation 
or supply 
voltage 


variations, 
a high C/l 
ratio 
should 
be used above 
10 MHz. 


An external 
oscillator 
can 
be injected 
at pin 
1. The level should 
be 50 mV rms and pin 
1 should 
be con- 
nected 
to the supply 
via a lOOn 
resistor. 


IF Amplifier 
Detector 


The 
IF amplifier 
is a wide band 
amplifier 
with 
a tuned 
output 
stage. 
The 
outputs 
are 
at pins 
6 and 
7 which 
drive 
the 
balanced 
load and 
the 
differential 
positive 
peak 
AM 
detector, 
which 
is biased 
to reduce 
distortion 
at high modulation 
levels. At the output 
of balanced 
detec- 
tors 
of this type 
there 
is a low level signal 
at double 
the 
IF frequency 
(about 
920 
KHz). To avoid 
feed- 
back 
of this 
signal 
by radiation 
from 
the detector 
coil, the shield 
around 
this coil must 
be grounded 
and 
the ferrite 
antenna 
placed 
in a suitable 
position. 


The 
Audio 
output 
is at pin 9 (for either 
AM or FM). the 
IF frequency 
is filtered 
by an external 
capacitor 


which 
is also used 
as the 
FM mono 
de-enphasis 
network. 
The 
audio 
output 
impedance 
is about 
7 Kn 


and a high impedance 
load (~50 
Kn) 
must 
be used. 


AGe 


Both 
the 
RF and 
the 
first 
IF amplifiers 
have the 
same 
differential 
amplifier 
circuit 
configuration. 
The 


AGC action 
is obtained 
by control 
of the collector 
current 
of these 
stages. 


At pin 8 there 
is a carrier 
envelope 
signal which 
is filtered 
by an external 
capacitor 
to remove 
the Audio 
and 
RF content 
and obtain 
a mean 
DC signal to drive the AGC circuit. 
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COILS 


L1 FM Antenna coil- 6 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm. Winding pitch 1 mm. 
L2 FM Tuning coil - 5 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm Winding pitch 0.5 mm. 
L4 - 18 Turns copper wire 0.6 mm diameter. Inner diameter 2.5 mm. Closely wound. 
L5 MW Antenna coil - Televox. 
L3 FM osc. coil - 4 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm. Winding pitch 2 mm. 
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Parameter 
Test conditions 
Value 


Wavebands 
FM 
87.5';' 
108 MHz 


AM 
510.;.1620 
KHz 


Sensitivity 
FM : 7511 (S + N/N) = 26 dB 
t;f ~ 22.5 KHz 
<; 2 I'V 


AM 
(S + N/N) = 6 dB 
m = 0.3 
1 I'V 


AM 
(S + N/N) ~ 26 dB 
m = 0.3 
10l'V 


Distortion 
fm = 1 KHz 
FM 
Vi ~ 
100l'V 
M = 22.5 KHz 
P = 0.5W 
<; 0.25 % 


FM 
Vi = 
1OOl'V 
M ~ 75 KHz 
P ~ 0.5W 
<; 
1 % 


AM 
Vi = 
100l'V 
m ~ 0.3 
P ~ 0.5W 
<; 0.6 % 


AM 
Vi = 
100l'V 
m = 0.8 
P = 0.5W 
<; 
1 % 


~ 
FM 
Vi = 
100l'V 
t;f = 22.5 KHz 
P = 0.5W 
;> 70 dB 


·N 
fm=1KHz 


AM 
Vi ~ 1000l'V 
m = 0.3 
P = 0.5W 
;> 55 dB 


Input limiting voltage 
FM 
-3 dB point 
<; 
1.51'V 


AMR 
FM 
Vi = 
100l'V 
M = 22.5 KHz 
m ~ 0.3 
;> 45 dB 


IF 
FM 
10.7 MHz 


AM 
460 
KHz 


Quiescent 
current 
FM 
23 mA 


AM 
15 mA 


Supply voltage range 
FM 
3.;.12 
V 


AM 
3.;.12 
V 


~ 
••• 


"'C 
"'C•• 
-= 
("') 
:1:1 
~-l 
••• 
0 
N 
z 
N 


15ft 
Z 
= 


iJ;12V 
"T1 


R21 
0 
:1:1 


C46 
jJ 
" 
100.' 
:s: 
11~FI~v 
~-l 
0 


AUDIO OUTPUT 
Z 
n 
lOA 
1220 A 
0 
:J-<-5'c 
'"Cl. 


Slo2'66pF 


.L 
;Wi, 


r----- 
_J 
, 


sw, 
i----------------------l 


, 
~F 
I 


I 
.----I 
TOKOIIJN 
! 


..l 
e21 
114~IOZ 
I 


r---,Swosc.COl.: 
, 
'5. 


F3 


TOlfO·CFTOO6H 
GrMn 
V.Il_ 
1------------ 
, 
II 
IIL__ 
_ 


:J~ 
5., 


L3 FM Antenna 
Coil - 6 Turns copper wire 0.9 mm diameter. 
Inner diameter 
4 mm - winding 
pitch 
1 m. 


L4 FM Tuning Coil - 5 Turns copper wire 0.9 mm diameter. 
Inner diameter 
4 mm - winding 
pitch 
0.5 mm. 


L5 - 18 Turns copper wire 0.6 mm. diameter. 
Inner diameter 
2.5 mm. Closely wound. 
L6 FM oscillator 
Coil - 4 Turns silvered copper wire 1 mm. diameter. 
Inner diameter 
4 mm. - winding 
pitch 2.5 mm. 


L7 - LW antenna coil - Televox. 
L8 - MW antenna coil - Televox. 
SW3 - ALPS type SSA 0.63. 


" » 
t?' 
"'tl 
"'tl 
I\.) 
r- 
w 
I 
("') 


"1J 
» 
(") 
-l 
c-o 
0 
0>a. 
z 


0>::l 
Z 
0.. 
r, 
"T1 


0 
0 
3 
JJ 
"0 
s: 
0::l 
» 
"'::l 
-l 


ri 
'" 
0 
-< 
Z 
0 
S 
n 
~ 
0 


ri 
~. 
:::T 
::l 
"' 
c 


0- 
~ 
c~ 
c- 
O>::l 
0.. 


ri 
C::l 
"'~ 
...•. 
'? 


I\.) 
I\.) 


••••= 
J:II 
••• 
N 
N= 
J:II 


10A1220A 


APPLICATION 
INFORMATION 
(continued) 


FOUR 
BAND 
TUNER 
PERFORMANCE 


I~I 
Vi = 10/lV 
m = 0.3 
26 dB 


N 
Vi -1 
mV 
m - 0.3 
55 dB 
BW 
-3 dB 
10 KHz 
Vi= 
20/lV 
m = 0.3 
0.5 % 


Vi -100/lV 
m - 0.3 
0.5 % 


Distortion 
Vi 
1 mV 
m 
0.3 
0.5 % 


Vi 
20/lV 
m 
0.8 
0.9 % 


Vi 
1 mV 
m 
0.8 
1 % 


Vi- 
30/lV 
I'd - 22.5 KHz 
m - 0.3 
fm- 
1 KHz 
45 dB 
AMR 
Vi-100/lV 
t;, f - 22.5 KHz 
m - 0.3 
fm- 
1 KHz 
47 dB 
Vi 
10/lV 
I'd 
22.5 KHz 
0.3 % 


Vi - 100/lV 
I'd 
22.5 KHz 
0.2 % 


Distortion 
Vi -1 
mV 
I'd 
22.5 KHz 
0.2 % 


Vi = 
10/lV 
M ~ 75 
KHz 
1 % 


Vi -100/lV 
M-75 
KHz 
1 % 


I~I 
Vi- 
10/lV 
t;,f 
- 22.5 KHz 
60 dB 


N 
Vi -100/lV 
I'd - 22.5 KHz 
70 dB 
Vi 
1 mV 
I'd 
22.5 KHz 
70 dB 


Input limiting 
-3 dB 
1/lV 
voltage 


Fig. 24 - FM-SECTION 
S cu rve response 


Fig. 25 - AM-SECTION 
Band pass IF fi Iter response at AGC 
starting 
point. 
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Fig. 28 - Frequency 
response 


of active 
low pass filter 
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Fig. 30 - PC board and component layout of 
the low cost 27 MHz receiver (1: 1 scale) 
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Coil support: Toko 10K. 
Primary winding: 
10 Turns of enamelled cop- 


per wire 0.16 mm diameter (pins 3-1). 
Secondary 
winding: 
4 
Turns 
copper 
wire 


0.16 mm diameter (pins 6-4). 


I: 
r--- 


cx:o I: 


«xX> 
I I 


«XX) I: 


I -~~l:18 


Coil support: Toko 10K. 
Primary winding: as L2 (pins 3-1) 
Secondary 
winding: 
2 
Turns 
copper 
wire 


0.16 mm diameter (pins 6-4). 
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Fig. 
35 
- 
PC board 
compo· 


nent 
layout 
of 
the 
crystal 


oscillator 
circuit 
(1:1 
scale) 


TO PIN1QF 
lOA 1220 A 


(50 
10 lQOmVrms) 


lOA 1220A 


Fig. 36 - Low cost field strength 
meter 
circuit 
(9V) 
Fig. 37 -- PC board 
and com- 
ponent 
layout 
of 
the 
field 


strenght 
meter 
circuit 
(1:1 


scale) 


R 1 -c:=:>- 
Q 1 
Cl <:::J 
A 
R3 -e=- 
U 
C3 <:::J 
R 2 <=:>- 0 
C4 <:::J 
~ 


RS= 
C S <:::J 
02 
-c:::::::>- 


R4= 
Q2 


01-C:::::::>- 0 
R6-= 
C 6 -e::>- 
Q3 


R7-c::::::>- 0 
R8 <=:>- 
R9 <=:>- 
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10A1270 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
1270 
is a monolithic 
integrated 
circuit 
in a 12-lead 
quad 
in-line 
plastic 
package. 
It is mainly 
designed 
for driving 
complementary 
vertical 
deflection 
output 
stages 
in colour 
TV receivers. 


The 
functions 
incorporated 
are: 


oscillator 
voltage 
ramp 
generator 
high gain amplltler. 


V s 
Supply 
voltage 
(pins 2 and 5) 
V 4 
Voltage 
at pin 4 
V 8 
Sync. 
input 
voltage 


V 10 
Power 
amp Iifier input 
voltage 


10 
Output 
peak current 
(non-repetitive) 


10 
Output 
peak current 
(repetitive) 
Ptot 
Power 
dissipation: 
at Ttab = 90°C 
at T amb= 80°C 
(free air) 
Tstg• Tj 
Storage 
and iunction 
temperature 


40 
41 


± 12 


{ 
10 
-0.5 
2 
1.2 


5 
1 
-40 
to 150 


lOA 1270 


CONNECTION 
DIAGRAM 
(top view) 


FREf~- 
P1 


9 
e'r 


••••= 
:DI 
•••• 
N 
•••••••= 
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Rth j-tab 
Rth j-amb 
Thermal 
resistance 
junction-tab 
Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuits, 
Vs= 
32V, 
Tamb= 
25°C 
unless 
otherwise 
specified) 


-Ig 
Oscillator 
bias current 
Vg = 1V 
0.2 
1 
).LA 
1a 


-110 
Amplifier 
input bias 
V10=1V 
0.15 
1 
).LA 
1b 


current 


-112 
Ramp 
generator 
bias 
0.05 
0.5 
).LA 
1a 


current 


Vs 
Supply voltage 
10 
40 
V 
- 


V4 
Quiescent 
output 
voltage 
R2= 10kf! 
Vs = 32V 
R1= 30 kf! 
8 
8.8 
9.6 
V 
1a 


Vs= 10V 
R1=10kf! 
4 
4.4 
4.8 
V 


V6,V7 
Regulated voltage 
6 
6.5 
7 
V 


/',V6 
/',V7 


1b 
Line 
regulation 
Vs = 10 to 40V 
1.5 
mV/V 


/',Vs' 
/',Vs 


Is 
Supply current 
10 = 0.5A p~ak to peak 
70 
mA 


10 
Peak to peak output 
. 


current (pin 4) 
1 
A 


VB 
Peak sync. input voltage 
1 
V 


(positive 
or negative) 
2 


Vg 
Peak to peak oscillator 
2.4 
V 
sawtooth voltage 


RB 
Sync. 
input 
resistance 
VB=1V 
3.5 
kf! 
at pin 8 


TDA1270 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


tfly 
Flyback time 
10= 0.5A peak to peak 
0.7 
ms 


of 
Pull-in range 
7 
Hz 


(below 50 Hz) 


2 


of 
Oscillator frequency shift 
Vs = 10 to 40V 
liL 
0.01 
I:; V 
V 
s 


of 
Oscillator frequency drift 
Ttab= 40 to 120°C 
Hz 
I:;Ttab 
0.015 
-- 
°C 


Fig. 
1a - 
DC 
test 
circuit 
for 
measurement 
of 
-Ig, 
-112 and V4 
Fig. 
1b - DC 
test 
circuit 
for 
measurement 
of 
-110' 
V6, 
V7• 
f:c,V6/f:c,Vs 
and 
f:c,V7/ 
f:c,Vs 


TDA1270 


-I --~-~r~-I~'----~O'V' 
1 
H 


~~FI50V 


R4 
TABS 
3.Jfi 
Cl 
2 
!.1"F 
4 


r ~:kJ 
"lc, 


R ,* 
l'OO,uFf35V 
,~ 


27kfi 


=CB 
l,uFf~~1 


1 


1 


Jl 
SYNC. INPUT 
B TOA 1270 


1f 
10 


P\ 


~ 


'00knL-'1.R' 
f 
2~~'\'>' 


Fr~qul"f1cY220kJl 
kfi /j 


'"11.'191>1 
j 


*R2 
C2* 
120kfi 
O.lIJF 
" 


Fig. 
3 
- 
Quiescent 
voltage 
Fig. 
4 
- 
Quiescent 
voltage 
Fig. 
5 - Regulated 
voltage 


variation 
vs. supply 
voltage 
variation 
vs. tab temperature 
vs. supply 
voltage 


6Y< 
AY< 
V6:V7 


"" 
"" 
'" 
("I.) 
T•. mb ~2S' 


('/ol 
Vs: 
V 


0> 


6.5r.: 


I~ 


-0.2 
pl-;-':: 
6.46 


.,._. I ~•...• 
,,- 
~ 
_.\~,. 
-2 
, 
--, 


,0< 
-~'~-'--'- 
• t 


'0 
20 
30 
Vs(v) 
20 
.0 
60 
.0 
100 TUb("C) 
'0 
20 
30 
Vs(v) 


518 


TDA1270 


Fig. 
6 
- 
Regulated 
voltage 


vs. tab temperature 


Fig. 7 - Frequency 
variation 
of unsynchronized 
oscillator 


V5. supply 
voltage 


V6'V? 
lV) 


6.56 


." 


6.48 


6.1,4 


6.40 


20 
'0 


'.mb •".c41-· I -j 
+- . 


--'----- - 
-,-.,-/ 
7/ 
;- 
- 
I- 


I 
I ' 
I ' 


I 
I 
I 
I 


+f- 


·::F~ 


Fig. 8 - Frequency 
variation 
of unsynchronized 
oscillator 


vs. tab temperature 


The 
high 
current 
capability 
of the 
TDA 
1270 
allows 
low current 
gain transistors 
to be used 
in driving 


low impedance 
yokes. 
The 
oscillator 
is directly 
synchronized 
by the 
sync. 
pulses, 
therefore 
its free fre- 


quency 
must 
be 
lower 
than 
the 
sync. 
frequency. 
The 
sync. 
input 
(pin 
8) can 
be driven 
by positive 
or 


negative 
pu Ises. 
The 
quiescent 
output 
voltage 
is fixed 
by the 
voltage 
feedback 
network 
R7, R8, and 
R9 (refer 
to fig. 9) 


according 
to: 


R7 + R8 + R9 
R9 


T 


C1 
J!;3 
OJ~fj,'OO~F 


-~ 


TABS 


Linl'ar,ly 
P2 
-C5 
_R6 
150kfi 
l00kn 
O.1~F 
t.7kfi 
C2- 
H••,ght 
O.1S,..F 
150 
Rl0* 
_R2 
kn 
680kO 


YOKE 


4000,..F/20V 


w 
3.5mH 
1m" 
~ 3.2Sfi 
1.6fi 


Vs 
32 
25 
V 


R8 I. 
22 
kn 


Rll 
0.33 
0.22 
n 


R12 
10 
5.6 
n 


TDA1270 


RlO 
P2 
P1 
--e=:=r- 
@ 
@ 


C6 
0 
C8 
0 


= -=-~ 
q ~ 


"~ :'~~:'!~P~" 
Q~" . 


R13~~R1~QclO~ 
C9 
y Y 
yCl ---1' 
C3 +-~ 


--1__ 
R_11_r 


Q2 
02 
01 
YOKE 
,Vs 
GND 
01 
YOKE 
SYNC. 
EMITTER 
BASE 
EMITTER 
01 
Q2 
BASE 
INPUT 


COLLECTOR 


Is 
tf1y 
Iy 
Vs 
Ptot 
Ptot 
Rth 
tab-amb 
R th case-am b 


YOKE 
3.5 mH 
1 mH 
3.25 n 
1.6 n 


Supply 
current 
Flyback 
time 
Maximum 
scanning 
current 
(peak 
to peak) 
Operating 
supply 
voltage 


TDA 
1270 
power 
dissipation 
Output 
transistors 
power 
dissipation 
Heatsink 
Rth required 
for TDA 
1270 
Rth of output 
transistors 
heatsink 
(total) 


0:5 A 
0.7 ms 
4A 
28 to 36V 
1.5W 
l1W 
35°C/W 
6°C/W 


0.8 A 
0.6 ms 
7.5 A 
23 to 27V 
2W 
13W 
30°C/W 
5°C/W 


10A1270 


~'NPUT 
8 TOA 1270 


10 


R8*1 
8.2kJ1. 


C 9 
1000 .uF/16 V 


8.2kJ1. 
T 


(8 
I 
17opF/1oV 
.l. 
YOKE 


9J1. 


17.5mH 


(1 
(3 
""¥T. 


*(5 


O.1pF 


R10* 
470 
kJ1. 


1 
I R9* 
5.6kJ1. 


(6* 
O.1pF 


RIt 


Supply 
current 
Flyback 
time 


Maximum 
scanning 
current 
(peak 
to peak) 
Operating 
supply 
voltage 


TDA 
1270 
power 
dissipation 


110 
0.8 
0.9 
23 to 27 


2.4 


For 
safe 
working 
up 
to 
Tamb = 50°C 
a heatsink 
of 
Rth = 30°C/W 
is required 
and 
each 
tab 
of the 


TDA 
1270 
must 
be soldered 
to 1 cm2 
copper 
area of the printed 
circuit 
board. 


10A1270 


'm~m' 
~~'Q= 


" "0 


__ 
~I 
~3 +__ 
~7 


-1 
Rl1 
I- 


P3 


Rl0 
---c:=r- 
C6 
-c::::>- 


C5 
-c::r- 


10A1270 


The 
thermal 
resistance 
junction 
to ambient 
of the 
TDA 
1270 
can 
be reduced 
by soldering 
the tabs to a 


suitable 
copper 
area of the printed 
circuit 
board 
(fig. 14) or to an external 
heatsink 
(fig. 15). 


Fig. 
16 gives the 
maximum 
power 
that 
can 
be dissipated 
(for T.mb= 
55 to 70°C) 
as a function 
of the 


side 
"5" of two equal 
square 
copper 
areas having 
a thickness 
of 35 
J.l (1.4 mil). 
During 
soldering 
the 
tab temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 


than 
12 seconds. 
The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 


Fig. 14 - 
Example 
of TDA 
1270 
with 
external 
heatsink 


Fig. 
16 
- Maximum 
power 
dissipation 
and 
thermal 
re- 
sistance 
junction-ambient 
vs. "5" 


Fig. 15 - 
Example 
of 
P .C. board 
copper 
area 


used as heatsink 


Fig. 17 - Maximum 
allowable 


power 
dissipation 
vs. 
am- 
bient 
temperature 


IDA 1410 A 
IDA 1420A 
IDA 1420L 
LINEAR 
INTEGRATED 
CIRCUITS 


MONOLITHIC 
QUASI-COMPLEMENTARY 
DUAL 
DARLINGTONS 


The TDA 1410A, TDA 1420A and 1420L are monolithic 
integrated circuits in Pentawatt® 
plastic pa- 


ckage consisting of a pair of quasi-complementary 
(NPN-PNP) darlingtons with the associated biasing 
system. 
Each darlington 
can deliver a current 
in excess of 3A and can withstand 
a supply voltage of 
36V for TDA 1410A, 40V for TDA 1420L and 44V for TDA 1420A. The devices are intended for ap- 
plication as: 


booster for operational amplifier 
DC motor driver 
stepping motor driver 
output stage for AC power amplifier up to 12W 
output stage for vertical deflection systems in colour TV etc. 


36 
40 
44 
50 
55 
3.5 


3 


0.3 
3 


30 
-40 to 150 


Collector-emitter 
voltage (IB = 0) 
TDA 141OA 
TDA 1420L 
TDA 1420A 
Collector--base voltage (IE = O) 
TDA 141OA 
TDA 1420A/L 
Output peak current (repetitive) 
DC output current 
D1 forward current 
D2.forward current 
Total power dissipation at Tcase = 60°C 
Junction and storage temperature 


ORDERING 
NUMBERS: 
TDA 1410AH - TDA 1420AH - TDA 1420LH 
TDA 1410AV - TDA 1420AV - TDA 1420LV 


W 
iwJ 
~ 
158••..•• 


IDA 1410A 
IDA 1420 A 
IDA 1420L 


CONNECTION 
AND SCHEMATIC 
DIAGRAMS 


(top view) 


~ ~I~~- 


Tab 
connecteod 
to pin 
3 


~: 


+ '-Is 


OUTPUT 


-vs 


INPUT 


INPUT 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


VCEO 
Collector-emitter 
TDA 1410A 
36 
breakdown voltage 
TDA 1420L 
40 
V 


TDA 1420A 
44 


VCBO 
Collector-base 
TDA 1410A 
50 
breakdown voltage 
Ic = 500llA 
TDA 1420A/L 
55 
V 


V(BR) 
Collector-substrate 
TDA 1410A 
50 
breakdown voltage 
TDA 1420A/L 
60 
V 


hFE(NPN) 
DC 
forward 
current 
VCE = 5V 
TDA 1410A 
IC = 2A 
2000 
5000 
transfer 
ratio 
TDA 1420L 
Ic = 2A 
2000 
TDA 1420A 
IC = 3A 
1000 
2500 
- 


hFE(PNP) 
DC forward current 
VCE = 5V 
TDA 1410A 
Ic = 2A 
800 
2500 
transfer 
ratio 
TDA 1420L 
Ic = 2A 
800 


TDA 1420A 
Ic = 3A 
500 
1000 
- 


Id 
Quiescent 
drain 


current 
12-1 ~ 5mA 
Vs = 34V 
20 
mA 


IDA 1410A 
IDA 1420 A 
IDA 1420L 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


VCE(sal) 
Collector-emitter 
hFE = 200 
TDA 1410A 
Ic ~ 12AI 
11.71 
12.31 


saturation 
voltage 
TDA 1420L 
Ic = 12AI 
11.81 
V 
(NPN-PNP) 
TDA 1420A Ic = 13AI 
12.31 
12.71 


VBE(NPN) 
Base-emitter 
voltage 
Ic ~ 2A 
TDA 1410A 
2 
V 
(pins 2-4) 
Ic = 3A 
TDA 1420A!L 
2.5 


VBE(PNP) 
Base-emitter voltage 
Ic = -2A 
TDA 1410A 
-0.9 
V 
(pins 1-4) 
Ic = -3A 
TDA 1420A!L 
-1.2 


VF(D1) 
D1 forward voltage 
V3-5= 
-34V 
IF(D1) = 0.3A 
1.5 
V 


VF(D2) 
D2 forward voltage 
IF(D2) ~ 3A 
5 
V 


fT(NPN) 
Cutoff frequency 
Ic = 2A 
VCE = 10V 
10 
MHz 


fT(PNP) 
Cutoff frequency 
Ic = -2A 
VCE=-10V 
5 
MHz 


Fig. 
1 - Quiescent 
drain 
cur- 
rent vs. 
12-1 


I 
I 
'Is: 
34\1 
, 
Teas. 
:25"C 


I 


I 
/ 


I 


/ 


! 
/ 


I 
1/ 


I / 
f/ 


Fig. 4 - DC current 
gain vs. 
collector 
current 


"CEOSV 
f-- 


p. 


III 
..•. 


111.111 
\ 


II' 
II 


I 
111I1 


Fig. 2 - Quiescent 
drain 
cur- 
rent 
vs. 
case 
temperature 


, 
i 
! I . 
.. 


*1= 


Vs.Jt.v 
.t= 


'Z_I=5mA 
'---- 


Hf 


Fig. 3 - Quiescent 
drain 
cur- 


rent vs. supply 
voltage 


l 


[2-1 
=5mA 
",.".-25·C 


Fig. 
5 - V CE(sal) vs. collec- 
tor current 


I 
I 


; 


h" 
200 
I 


/ 
/ 
I 
....- 


1 
I 
I 


Fig. 
6 
- 
V BE 
vs. 
collector 
current 


I 
I 


'ICE 
= 5'1 


HPN 
./ 


....•.,/ 


I- 
~ V 
-I- - 


lOA 1410 A 
IDA 1420A 
IDA 1420L 


Fig. 
7 - Pulse 
response 
(ri- 


sing edge) 


Fig. 10 - Safe operating 
areas 
(TDA 1410A) 


* FOR 
SINGLE 
NON 


REPETITI 
YE 
PULSE 
., 
I - -\j 
---n--- - 
c 


, 10i14;0[' - -r- 


Fig. 8 - Pulse 
response 
(fai- 


ling edge) 


\.,, 
~. 


INPUT 
PULSE 


Fig. 11 - Safe operating 
areas 


(TDA 1420A) 


Fig. 
9 
- 
Output 
voltage 
swing vs. frequency 


Fig. 12 - Derating 
character- 


istic 


lOA 1410A 
lOA 1420 A 
lOA 1420L 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Po 
Output power 
d 
=1% 
Gv = 30dB 
f 
= 40 to 15,000 Hz 
Vs = 34V 
RL = 4 n 
20 
22 
W 
Vs = 36V 
RL ~ 8 n 
15 
17 
W 


d 
= 10% 
Gv = 30dB 
f 
= 1KHz 
Vs = 34V 
RL ~ 4 n 
30 
W 
Vs = 36V 
RL = 8 n 
20 
W 


B 
Frequency response 
Vs = 34V 
RL ~ 4 n 


(-3dB) 
Gv = 30dB 
20 Hz to 100 KHz 


'd 
Drain current 
Vs = 34V 
RL = 4 n 


Po = 30W 
1.3 
A 
Vs = 36V 
RL = 8 n 
Po ~ 20W 
720 
mA 


Fig. 14 - Output 
character- 
istics of the protected 
class 
B stage 


Fig. 15 - Distortion 
vs. out- 
put power (RL = 4n) 


~N~ 
0.4 


DARLINGTON 


Fig. 16 - Distortion vs. output 
power (RL = 4n, f = 1 KHz) 


lOA 1410 A 
lOA 1420A 
lOA 1420L 


Fig. 
17 - Sensitivity 
vs. out- 


put 
power 


Fig. 20 - Distortion 
vs. output 
power 
(RL = Bn, f = 1 KHz) 
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Fig. 
1B - Power 
dissipation 
and 
. efficiency 
vs. 
output 
power 
(RL = 4n) 


Fig. 
21 
- Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL = Bn) 
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Fig. 
19 - Distortion 
vs. out- 
put power 
(RL = Bn) 
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Fig. 
22 
- Output 
power 
vs. 


supply 
voltage 


1: 
1 
- 


•• 
-+ 
t 
t 


IDA 1410 A 
IDA 1420A 
IDA 1420L 


Fig. 24 - LS141+ TDA 
1410A 
output 
voltage 
swing vs. fre- 


quency 


Fjg. 25 - LS141 + TDA 
1410A 
transient 
response 


LS 141 + TDA 1410A 


Supply voltage 
± 15V 


Max. 
power 
dissipation 
30W at Tease = 6a'C 


Input offset voltage 
<; 5mV 
Input offset current 
<; 200 nA 


Input 
bias current 
<; 500 nA 
Voltage gain 
;. 86 dB (RL = 4f1.) 
Max. DC output current 
3A 


TOA'1410A 
TOA 1420 A 
TOA 1420L 


lOA 1410A 
lOA 1420 A 
lOA 1420L 


lOOIC 1-0 


INPUTS 
_---0 
4_.--, 


lSnF= 


LINEAR 
INTEGRATED 
CIRCUIT 
10A1470 


The TDA 
1470 is a monolitic 
integrated circuit in a 16-lead dual in-line plastic package with or without 
external bar. It is intended for direct driving of colour TV yokes, but it offers a wide application range 
also in BW TVs, monitors and displays. 
The functions 
incorporated are: 


Synchronization 
circuit 
Oscillator and ramp ~enerator 
Power amplifier with high current capability 
FIyback ~enerator 
Voltage regulator 


Supply voltage at pin 3 
Flyback peak voltage 
Power amplifier 
input voltage 


Output peak current 
(non repetitive) at t = 2 ms 


Output peak current at f = 50 Hz, t';;; 10 /lS 
Output peak current at f = 50 Hz, t> 
10 /l s 
Pin 2 D.C. current at V 16 < V 3 
Pin 2 peak to peak flyback current for f = 50 Hz, tf1y 
,;;;; 1.5 ms 
Pin 11 current 
Maximum power dissipation at Tcase ,;;;;75°C 
(TDA 1470) 
(TDA 1470A) 


ORDERING 
NUMBER: 
TDA 1470A (with external bar) 
TDA 1470 
(without 
external bar) 


35 
60 


+10 
-0.5 
3 


3.5 


2 
100 
3 
20 
25 
15 


-40 to 150 


TDA1470 


CONNECTION 
AND 
BLOCK 
DIAGRAMS 


(top view) 


The 
copper 
slug 
is electrically 
connected 
to 
pin 
9 (substrate) 


10A1470 


Thermal resistance junction-case 
TDA 1470 
TDA 1470A 
Thermal resistance junction-ambient 
TDA 1470A 


max 
max 
max 


°C/W 
°C/W 
°C/W 


DC ELECTRICAL 
CHARACTERISTICS 
(Refer to the DC test circuits, Vs= 35V, Tamb= 25°C, 


unless otherwise specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


13 
Pin 3 quiescent current 
12= 0 
7 
mA 
1b 


114 
Pin 14 quiescent current 
116= 0 
10 
mA 
1b 


-110 
Oscillator bias current 
V 10= 1V 
0.1 
)J.A 
1a 


-Is 
Amplifier 
input bias 
Vs=1V 
1 
)J.A 
1b 


current 


-15 
Ramp generator bias 
Vs = OV 
0.02 
)J.A 
1a 
current 


-15 
Ramp generator current 
Vs= OV 
112= 20)J.A 
20 
)J.A 
1b 


Ills 


Ramp generator linearity 
IIVs~ 0 to 12V 
15 
112= 20)J.A 
0.2 
1 
% 
1b 


Vs 
Supply voltage range(pin3) 
10 
35 
V 
- 


V4 
Pin 4 saturation voltage 
14= 1 mA 
1 
1.4 
V 
- 


to ground 


V2 
Pin 2 saturation voltage 
12= 10 mA 
0.5 
V 
1a 
to ground 


V 16 
Quiescent output voltage 
Vs= 10V 
R1= 10KSl 
4.15 
4.45 
4.73 
V 
1a 
R2=10KSl 


Vs= 35V 
R1~ 30 KSl 


8.3 
8.9 
9.45 
V 
1a 
R2= 10 KSl 


V16L 
Output 
saturation 
voltage 
-116= 0.8A 
1.3 
V 
1c 
to ground 
-116= 1.5A 
1.7 
V 
1c 


TOA1470 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 
Fig. 


V16H 
Output 
saturation 
voltage 
116= 0.8A 
1.9 
V 
ld 


to supply 


ld I 
116= 1.5A 
2.3 
V 


V13 
Regu lated voltage at 
6.1 
6.5 
6.9 
V 
lb 


pin 13 


V12 
Regulated 
voltage 
at 
112= 20"A 
6.2 
6.5 
7 
V 
lb 
pin 12 


t.V13. 
t.V12 
Regulated 
voltages 
t.Vs= 10 to 35V 
1 
mV!V 
lb 


t.V •. 
t.V. 
drift 


V7 
Amplifier 
input 
reference 
2.07 
2.2 
2.3 
V 
voltage 


Fig. 1 - DC test circuits 
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11 
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L 
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1. 
-IS 


R2 
~ 
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TOA1470 
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4V 
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AC 
ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
AC test 
circuit 
unless 
otherwise 
specified) 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Operating 
supply 
voltage 
Iy max= 2.2 App 
24 
V 


Is 
Supply 
current 
Iy ~ 2 App 
270 
mA 


III 
Sync. input current 
500 
/lA 


V16 
Flyback 
voltage 
Iy = 2 App 
49 
V 


V10 
Peak to peak oscillator 
2.4 
V 
sawtooth 
voltage 


tlly 
Flyback 
time 
Iy = 2 App 
0.6 
ms 


- 
fo 
Free running frequency 
R 1+P 1 = 300 Kfl 
44 
Hz 
C2=100nF 


R1+P1 
= 260 Kfl 
52 
Hz 
C2 = 100 nF 


M 
Synchronization 
range 
111= 500/lA 
14 
Hz 


M 
Frequency 
drift vs. supply 
Vs= 
10 to 35V 
0.005 
Hz/V 


l1Vs 
voltage 


M 
Frequency 
drift vs. tab 
Tamb~ 
40 to 120°C 
0.01 
Hz/oC 


l1Ttab 
temperatu 
re 


lOA 1470 


Fig. 
3 
voltage 
voltage 


- 
Relative 
output 
drift 
vs. 
supply 


, 


2 
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V 
V 
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IO~FI16V 


C7 
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lf2W 


Fig. 5 - Output 
saturation 
voltage 
vs. output 
current 
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Fig. 4 - Relative output volt- 
age driftvs. case temperature 
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0' 
lN4001 


c' 
O.1~~ 


J'LFlYBACK 


OUTPUT 


O.l1-JF 


SYNC. 


11 
TDA1470 
INPUT 


C9I~~o:'F ,nClO 


R11r -: 


""' 
-''".I.," <::l 


L, 'OOkn 
33pF 
'T '0 kO 


I 
YOKE 


~Tfu~*·i 
c!= C6 
i10~FI6Y 


~5V 
C7 
2200,uF/25V 
l 


ip, 


lOOkfi 
Rl 


Hold 150kD 


C2 


O.15fJF 


,J, R7** 
I . 8.2kO 


RlO" 
O.B2n 
1I2W 


Typical 
performance 


Vs' 
Operating supply voltage 
24 
V 
Is 
Supply current 
300 
mA 
tf1y 
Flyback time 
0.7 
ms 
Pd 
TDA 1470 power dissipation 
4 
W 
Iy 
Maximum scanning current 
2.3 
App 


TDA1470 


Operating supply voltage 
Supply current 
Flyback time 
TDA 1470 power dissipation 
Maximum scanning current 


C9I~~~F 


C4 


O.11JF 


R3' 
680 
kn 


~R7" 
5.6kO 


R1O*I 


I 
0.33 n 
1/2 
W 


16 
345 
0.85 
3.5 
2.5 


V 
mA 
ms 
W 
App 
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!':;~~~~: 


~~2~k~6~~ 
I~.~:~ 


(11 ~6.8nF 


[ 


::j'1i2~~ 


J;5V 


C7 


R7 ** 
5.6kD 


c,O.1~'l 
Jl. 
FlYBACK 
OUTPUT 


15ClkO 
Pz.,fOOkO 


He-.<;rl 


R2 
270kfly 


Typical 
performance 


v, 
Operating supply voltage 
23 
V 
I, 
Supply current 
185 
mA 
tf/y 
Flyback time 
1 
ms 
Pd 
TDA 1470 power dissipation 
2.8 
W 
Iy 
Maximum scanning current 
1.4 
App 
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+0... 
°_1 
_ 


-c:::J- 
C10 
C 1 


R 1 1 
c:::::::) 
~ 


~ 
e 
C9 


SYNC. 
IN 
OUT 
+VS 
FLYBACK 
INPUT 
YO'K"E 
OUTPUT 


The 
power 
dissipated 
in the 
circuit 
must 
be removed 
by adding 
an external 
heatsink 
as shown 
in fig. 10. 


The 
system 
for attaching 
the 
heatsink 
is very 
simple; 
it uses a plastic 
spacer 
which 
is supplied 
with 
the 
device 
on request 
(TDA 
1470 
F2). 


Thermal 
contact 
between 
the copper 
slug (of the package) 
and the heatsink 
is guaranteed 
by the pressure 


which 
the 
screws 
exert 
via the 
printed 
circuit 
board, 
this 
is due 
to the 
particular 
shape 
of the 
spacer. 
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------CONT.4,CT 


(SILICONE 
GREASE) 


Rth=O.s"cjW 


It is also possible to add an external heatsink to the TDA 1470A. 
The external bar provides two threaded holes in order to allow the heatsink fixing. 


lOA 1905 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
1905 
is a monolithic 
integrated 
circuit 
in POWERDIP 
package, 
intended 
for use as low fre- 
quency 
power 
amplifier 
in a wide 
range of applications 
in radio 
and TV sets. 


Its main 
features 
are: 


muting 
facility 
protection 
against 
chip 
over temperature 
very low noise 
high supply 
voltage 
rejection 
low "switch-on" 
noise 
voltage 
range 4V to 30V 


The 
TDA 
1905 
is assembled 
in a new 
plastic 
package, 
the 
POWERDIP, 
that 
offers 
the 
same 
assembly 
ease, 
space 
and 
cost 
saving 
of a normal 
dual 
in-line 
package 
but 
with 
a power 
dissipation 
of up to 6W 
and a thermal 
resistance 
of 15°CIW 
(junction 
to pins). 


V 5 
Supply 
voltage 
'0 
Output 
peak current 
(non 
repetitive) 


10 
Output 
peak current 
(repetitive) 
Vi' 
Input 
voltage 
Vi 
Differential 
input 
voltage 
V 11 
Muting 
thresold 
voltage 
Ptot 
Power 
dissipation 
at Tamb = 80°C 
T case = 60°C 
Tstg, 
Tj 
Storage 
and junction 
temperature 


30 
3 
2.5 
o to + Vs 
±7 
Vs 
1 
6 
-40 to 150 
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OUTPUT 
[1 


Vs 
[ 2 


BOOTSTRAP 
[ 
3 


THRESHOLD 
r 4 


16 
GNO 


15 
GND 


14 
GND 


13 
GNO 


12 
GND 


11 
GND 


10 
GND 


GNO 


~-2913 


T 30act~Rll 


". 


RJ 
2610.0 


r 
10010.0 
lOOkn 


MUTING 


I 


R' 
R6 


R' 
R4 
6kO 


D' 
~aJ 


R2 
L 


Rthj-case 


Rthj-amb 


Thermal 
resistance 
junction-pins 
Thermal 
resistance 
junction-amb 
15 
°C/W 
70 
°C/W 
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10 
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.~J n 
n1c 
-r'J- 
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ELECTRICAL CHARACTERISTICS 
(Refer to the test circuit, Tamb 
20°C/W, unless otherwise specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
4 
30 
V 


Vo 
Quiescent output 
voltage 
Vs = 4V 
1.6 
2.1 
2.5 
Vs=14V 
6.7 
7.2 
7.8 
V 
Vs = 30V 
14.4 
15.5 
16.8 


Id 
Quiescent drain current 
Vs =4V 
15 
Vs=14V 
17 
mA 
Vs = 30V 
21 
35 


VeE sat 
Output 
stage saturation 
Ie = 1A 
0.5 
voltage 
V 
Ie = 2A 
1 


Po 
Output 
power 
d = 10% 
f = 1KHz 
Vs = 9V 
RL = 4.11 (0) 
2.2 
2.5 
Vs=14V 
RL = 4.11 
5 
5.5 
W 
Vs=18V 
RL=8n 
5 
5.5 
Vs = 24V 
RL = 16.11 
4.5 
5.3 


d 
Harmonic distortion 
f ~ 1KHz 
Vs = 9V 
RL = 4.11 
Po = 50 mW to 1.5W 
0.1 
Vs=14V 
RL = 4.11 
Po = 50 mW to 3W 
0.1 
% 


Vs=18V 
RL=8n 
Po = 50 mW to 3W 
0.1 
Vs = 24V 
RL = 16.11 
Po = 50 mW to 3W 
0.1 


Vi 
Input sensitivity 
f = 1KHz 
Vs = 9V 
RL = 4.11 
Po = 2.5W 
37 
Vs=14V 
RL=4n 
Po = 5.5W 
49 
mV 
Vs=18V 
RL=8n 
Po = 5.5W 
73 
Vs = 24V 
RL = 16.11 Po = 5.3W 
100 


Vi 
Input saturation 
V 
= 9V 
0.8 
voltage (rms) 
V~=14V 
1.3 
V 
Vs=18V 
1.8 
Vs = 24V 
2.4 


Ri 
Input resistance (pin 8) 
f = 1KHz 
60 
100 
Kn 


Id 
Drain current 
f = 1KHz 
Vs ~ 9V 
RL=4n 
Po = 2.5W 
380 
Vs~14V 
RL = 4.11 
Po = 5.5W 
550 
mA 
Vs=18V 
RL=8n 
Po = 5.5W 
410 
Vs = 24V 
RL = 16.11 Po ~ 5.3W 
295 


'1 
Efficiency 
f = 1KHz 
Vs = 9V 
RL = 4.11 
Po = 2.5W 
73 
Vs = 14V 
RL = 4.11 
Po = 5.5W 
71 
Vs=18V 
RL=8n 
Po = 5.5W 
74 
% 


Vs = 24V 
RL = 16.11 Po ~ 5.3W 
75 
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Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


BW 
Small signal 
Vs = 14V 
RL=4n 
Po = lW 
40 to 40,000 
Hz 


bandwidth (-3dB) 


Gy 
Voitage gain (open loop) 
Vs=14V 
75 
dB 
f = 1KHz 


Gy 
Voltage gain (closed loop) 
Vs=14V 
RL = 4n 
39.5 
40 
40.5 
dB 
f = 1KHz 
Po = lW 


eN 
Total input noise 
Rg = 50n 
1.2 
R 
= 
lKn 
(0 ) 
1.3 
,..V 
R~=10Kn 
1.5 
4.0 


Rg = 50n 
2.0 
Rg = 
lKn 
(00 I 
2.0 
,..V 
Rg=10Kn 
2.2 
6.0 


SIN 
Signal to noise ratio 
Vs=14V 
Rg=10Kn 
90 
Po = 5.5W 
Rg = 0 
(0) 
92 
dB 
RL= 4n 
Rg=10Kn 
87 
Rg = 0 
(00 ) 
87 
dB 


SVR 
Supply voltage rejection 
Vs=18V 
RL=8n 
f ripple = 100 Hz 
Rg = 10Kn 
40 
50 
dB 
V ripple = 0.5Vrms 


TSd 
Thermal shut-down 
(.) 
Ptot = 2.5W 
115 
°c 


case temperature 


VTOFF 
Muting-off 
threshold 
1.9 
4.7 
V 
voltage (pin 4) 


VTON 
Muting-on 
threshold 
0 
1.3 
voltage (pin 4) 
V 
6.2 
Vs 


R5 
Input resistance (pin 5) 
Muting off 
80 
200 
Kn 


Muting on 
10 
30 
n 


R4 
Input resistance (pin 4) 
150 
Kn 


AT 
Muting attenuation 
Rg + R1 = 10Kn 
50 
60 
dB 


Note: 
(0) 
Weighting filter = curve A. 
(00) 
Filter with noise bandwidth: 22 Hz to 22 KHz. 


(.) 
Seefig. 30 and fig. 31 
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Fig. 
1 
- 
Quiescent 
output 
voltage 
vs. supply 
voltage 


Fig. 
4 - Distortion 
vs. out- 
put power 
(RL = 16n) 


Fig. 
7 
- 
Distortion 
vs. fre- 
quency 
(RL = 16n) 


Fig. 2 - Quiescent 
drain 
cur- 
rent vs. supply 
voltage 
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Fig. 
3 
- 
Output 
power 
vs. 


supply 
voltage 
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Fig. 
5 - Distortion 
vs. out- 
put power 
(R L = an) 
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Fig. 
6 - Distortion 
vs. out- 
put power 
(RL = 4n) 


Fig. a - Distortion 
vs. fre- 
quency 
(RL = an) 
Fig. 
9 
- 
Distortion 
vs. fre- 
quency 
(R L = 4n) 
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Fig. 
10 
- 
Open 
loop 
fre- 
quency 
response 


Fig. 13 - Supply 
voltage 
re- 
jection 
vs. voltage 
gain 
(ref. 


to the 
Muting 
circu it) 
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Fig. 
16 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
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Fig. 
11 
- 
Output 
power 
vs. input 
voltage 
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Fig. 
12 
- 
Value 
of capaci- 
tor 
ex 
vs. bandwidth 
(BW) 
and gain (Gv) 


Fig. 
14 - Supply 
voltage 
re- 
jection 
vs. source 
resistance 
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Fig. 
15 - Max 
power 
dissi- 
pation 
vs. 
supply 
voltage 


(sine wave operation) 
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Fig. 
17 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
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Fig. 
18 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
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(0) R4 is necessary 
only 
for Vs < 10V. 


Po = 5.5W (d = 10%) 
Vs = 14V 
Id = 0.55A 
Gv= 40 dB 


Fig. 20 - PC board and components lay-out 
of the circuit of fig. 19 (1:1 scale) 
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Fig. 25 - Two position 
DC tone control 
using change of pin 5 


resistance (muting function) 
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Fig. 27 - BassBomb tone control using change of pin 5 resistance 
(muting function) 
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Fig. 24 - Output 
power vs. 
supply 
voltage 
(circuit 
of 


fig. 23) 
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Fig. 26 - Frequency response 
of the circuit of fig. 25 


Fig. 28 - Frequency response 
of the circuit of fig. 27 


T041905 


Rs = 200 Kn 
@ 


Rs = 
10n 
@ 


1.9V';;;VT';;;4.7V 


OV';;;VT';;; 1.3V 
6V';;;VT';;;V. 


Referring 
to the 
following 
input 
stage, 
the 
possible 
attenuation 
of the 
input 
signal and therefore 
of the 


output 
signal can be found 
using the following 
expression: 


R90 


v,~ 


R 
+ ( Rs • Rs 
9 
Rs + 5 


( 
Rs 
• Rs 
Rs+Rs 


Considering 
Rg = 10 Kn the 
attenuation 
in the 
muting-on 
condition 
is typically 
AT = 60 dB. 
In the 


muting-off 
condition, 
the attenuation 
is very low, tipically 
1.2 dB. 


A very 
low current 
is necessary 
to drive 
the 
threshold 
voltage 
V T because 
the 
input 
resistance 
at pin 4 
is greater 
than 
150 Kn· The 
muting 
function 
can be used 
in many 
cases, 
when 
a temporary 
inhibition 
of the output 
signal is requested, 
for example: 


in switch-on 
condition, 
to avoid 
preamplifier 
power-on 
transients 
(see fig. 22) 
- 
during 
switching 
at the 
input 
stages. 


- 
during 
the receiver 
tuning. 


The 
variable 
impedance 
capability 
at 
pin 
5 can 
be useful 
in many 
application 
and 
two 
examples 
are 


shown 
in fig. 25 and 
27, where 
it has been 
used 
to change 
the feedback 
network, 
obtaining 
2 different 
frequency 
response. 


10A1905 


The recommended 
values 
of the external 
components 
are those 
shown 
on the application 
circuit 
of fig. 21. 
When 
the 
supply 
voltage 
Vs is less than 
1OV, a lOOn 
resistor 
must 
be connected 
between 
pin 2 and pin 
3 in order 
to obtain 
the 
maximum 
output 
power. 
Different 
values 
can be used. The following 
table 
can help the designer. 


Component 
Raccom. 
Purpose 
Larger than 
Smaller than 
Allowed range 


value 
recommended value 
recommended 
value 
Min. 
Max. 


Rg + R1 
10Kn 
Input signal imped. 
Increaseof the alte- 
Decreaseof the atte- 
for muting operation 
nuation in muting-on 
nuation in muting 


condition. 
Decrease 
of 
on condition. 
the input 
sensitivity. 


R2 
10Kn 
Increase 
of gain. 
Decrease 
of gain. 
9 R3 


Increase 
qu iescent 
current. 
Feedback resistors 


R3 
lOOn 
Decrease 
of gain. 
Increase 
of gain. 
lKn 


R4 
1n 
Frequency stability 
Danger of oscillation 
at high frequencies 
with inductive loads. 


Rs 
lOOn 
Increaseof the 
47 
330 


output 
swing with 
low supply voltage. 


PI 
20Kn 
Volume poten- 
Increaseof the 
Decreaseof the input 
10Kn 
100Kn 
tiometer 
switch-on 
noise. 
impedance and of the 
input level. 


CI 
Input DC 
Higher cost 
Higher low fre- 
C2 
0.22 JJF decoupling. 
lower 
noise. 
quency cutoff. 
C3 
Higher noise 


C4 
2.2JJF 
Inverting input DC 
Increaseof the 
Higher low fre- 
0.1JJF 
decoupling. 
switch-on 
noise. 
quency cutoff. 


Cs 
O.lJJF 
Supply voltage 
Danger of 
bypass. 
oscillations. 


C6 
10 JJF 
Ripple rejection 
Increaseof SVR 
Degradation of SVR 
2.2 JJF 
100JJF 
increase of the 
switch-on 
time 


C7 
47JJF 
Bootstrap. 
I ncrease 
of the 
d istor- 
10JJF 
100JJF 
tion at low fre- 
quency. 


Ca 
0.22JJF 
Frequency stability. 
Danger of oscillation. 


Cg 
1000 JJF Output DC 
Higher low fre- 
decoupling. 
quency cutoff. 
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1) An overload 
on the 
output 
(even 
if it is permanent). 
or an above 
limit 
ambient 
temperature 
can be 
easily 
tolerated 
since the Tj cannot 
be higher 
than 
150°C. 


2) The 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 
is no possibility 
of device 
damage 
due to high junction 
temperature. 


If for 
any 
reason, 
the 
junction 
temperature 
increases 
up to 
150°C, 
the 
thermal 
shut-down 
simply 
reduces 
the power 
dissipation 
and the current 
consumption. 


The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size of the external 
heatsink 
(i.e. its ther- 
mal 
resistance); 
fig. 32 shows 
this 
dissipable 
power 
as a function 
of ambient 
temperature 
for different 
thermal 
resistance. 


Fig. 30 - Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature. 


Fig. 31 - Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature 
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Fig. 
32 
- Maximum 
allowa- 
ble 
power 
dissipation 
vs. 


ambient 
temperature. 
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The TDA 1905 is assembled in a new plastic package, the Powerdip, in which 8 pins (from 9 to 16) are 
attached to the frame and remove the heat produced by the chip. 


Figure 33 and 34 show two ways of heatsinking. 
In the first case, a PC board copper area is used as a 
heatsink I = 65 mm. while in the second case, the device is soldered to an external heatsink. 
In both examples, the thermal resistance junction-ambient 
is 35°C/W. 


Fig. 33 - Example of heatsink using PC 
board copper (I = 65 mm) 
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TDA1908 
TDA1908A 
LINEAR 
INTEGRATED 
CIRCUITS 


The TDA 1908 is a monolithic 
integrated circuit in 12 lead quad in-line plastic package intended for low 
frequency 
power 
applications. 
The mounting 
is compatible 
with 
SGS-ATES TBA 800, TBA 810S, 


TCA 830S and TCA 940N. Its main features are: 


flexibility 
in use with a max output 
current of 3A and an operating supply voltage range of 4V to 
30V 
protection 
against chip overtemperature 
soft limiting 
in saturation conditions 
low "switch-on" 
noise 
low number of external components 
high supply voltage rejection 
very low noise 


30 
3.5 
3 
1 
5 
-40 to 150 


Supply voltage 
Output peak current (non repetitive) 
Output peak current (repetitive) 
Power dissipation: 
at Tamb= 
80°C (TDA 1908) 
at Ttab = 100°C (TDA 1908A) 
Storage and junction 
temperature 


~m 


~i 


~ 


n~' 


" 
, 
, 
, 


TDA1908 
TDA1908A 


CONNECTION 
DIAGRAM 


(top view) 
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Rth j-tab 
Rth j-amb 
Thermal resistance junction-tab 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the test circuit, Tamb= 
25°C, 
Rth (heatsink)= 
8 °C/W, unless otherwise specified) 


Parameter 
Test condition 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
4 
30 
V 


Vo 
Quiescent output voltage 
Vs =4V 
1.6 
2.1 
2.5 


Vs=18V 
8.2 
9.2 
10.2 
V 
Vs = 30V 
14.4 
15.5 
16.8 


Id 
Quiescent drain current 
Vs = 4V 
15 
Vs~18V 
17.5 
mA 
Vs = 30V 
21 
35 


VeEsat 
Output stage saturation voltage 
le= 1A 
0.5 
(each output transistor) 
V 
le= 2.5A 
1.3 


Po 
Output power 
d = 10% 
f = 1 KHz 
V 
= 
9V 
RL= 
411. 
2.5 
s 
Vs = 14V 
RL= 
411. 
5.5 
Vs=18V 
RL= 
411. 
7 
9 
W 
Vs = 22V 
RL= 
811. 
6.5 
8 
Vs = 24V 
RL= 1611. 
4.5 
5.3 


TDA1908 
TDA1908A 


Parameter 
Test 
condition 
Min. 
Typ. 
Max 
Unit 


d 
Harmonic distortion 
f = 1KHz 
Vs = 9V 
RL= 411 


P0 ~ 50 mW to 1.5W 
0.1 
Vs=18V 
RL ~ 411 
Po = 50 mW to 4W 
0.1 
% 


Vs = 24V 
RL = 1611 


Po= 50 mW to 3W 
0.1 


Vi 
Input sensitivity 
V 
~ 
9V 
RL= 
411 Po= 2.5W 
37 
V~=14V 
RL= 
411 Po= 5.5W 
52 
Vs~18V 
RL= 
411 Po= 9W 
64 
mV 
Vs = 22V 
RL= 
811 Po~ 8W 
90 
Vs = 24V 
RL~ 1611 Po~ 5.3W 
110 


Vi 
Input saturation voltage (rms) 
V 
~ 
9V 
0.8 
s 
Vs = 14V 
1.3 
V 
Vs=18V 
1.8 
Vs = 24V 
2.4 


Ri 
Input resistance (pin 8) 
f = 1 KHz 
60 
100 
KI1 


Is 
Drain current 
f = 1 KHz 
Vs=14V 
RL= 
41< Po= 5.5W 
570 
Vs~18V 
RL~ 
411 Po~ 9W 
730 
mA 
Vs = 22V 
RL= 
811 Po= 8W 
500 
Vs ~ 24V 
RL= 1611 Po~ 5.3W 
310 


1) 
Efficiency 
Vs~18V 
f = 1 KHz 
RL~ 411 
Po= 9W 
72 
% 


BW 
Small signal bandwidth 
(-3 dBI 
Vs~18V 
RL~ 411 
Po~ 1W 
40 to 40 000 
Hz 


Gv 
Voltage gain (open loop) 
f ~ 1 KHz 
75 
dB 


Gv 
Voltage gain (closed loop) 
Vs ='18V 
RL= 411 
39.5 
40 
40.5 
dB 
f = 1 KHz 
Po= 1W 


Total input noise 
Rg ~ 5011 
1.2 
eN 
(0 ) 
Rg = 
1KI1 
1.3 
J.LV 
Rg=10KI1 
1.5 
4.0 


Rg ~ 5011 
2.0 
(00 ) 
Rg ~ 
1KI1 
2.0 
J.LV 
Rg=10KI1 
2.2 
6.0 


SiN 
Signal to noise ratio 
Vs~18V 
Rg= 10KI1 
92 
dB 
P 
~ 
9W 
Rg= 0 
(0) 
94 
0 
RL = 411 
Rg= 10KI1 
(00 ) 
88 
dB 
Rg= 0 
90 


SVR 
Supply voltage rejection 
Vs=18V 
RL = 411 
40 
50 
dB 
f ripple= 100 Hz 
Rg~ 10KI1 


Tsd 
Thermal shut-down case 
(-I 
Ptot= 4W 
110 
oC 


temperature 


Note: 
(0) 
Weighting filter = curve A. 
(00) 
Filter with noise bandwidth: 
22 Hz to 22 KHz. 
(-) 
Seefig. 24 and fig. 25. 
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Fig. 
1 - Quiescent output 
voltage 
vs. supply 
voltage 
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Fig. 4 - Distortion 
vs. out- 


put power (RL= 16n) 


'159.•• ~14VIV· 
,:;:: 
- 
4- 
j-+- _ ---t-rit 


I 
1,1 
- 


III I 


RL'16/\ 
1,IKHz 


Fig. 7 - 
Distortion 
vs. fre- 
quency (RL = 16n l 


Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 
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Fig. 3 - Output 
power vs. 
supply voltage 


Fig. 6 - Distortion 
vs. out- 


put power (RL = 4n) 


Fig. 9 - 
Distortion 
vs. fre- 
quency (RL= 4n) 


Fig. 5 - Distortion 
vs. out- 
put power (RL= 8n) 
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Fig. 8 - 
Distortion 
vs. fre- 
quency (RL = 8n l 
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Fig. 
10 - 
Open 
loop 
fre- 
quency response 


Fig. 
13 
- 
Supply 
voltage 
rejection 
vs. 
voltage 
gain 


Fig. 16 - Power dissipation 
and 
efficiency 
vs. output 
power (Vs= 14Vj 


Fig. 11 - Output 
power vs. 
input voItage 


Fig. 14 - Supply voltage re- 
jection 
vs. source resistance 
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Fig. 12 - Values of capacitor 
ex versus gain and Bw 
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Fig. 17 - Power dissipation 
and 
efficiency 
vs. output 
power (Vs= 18V) 
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Fig. 
15 - 
Max power 
dis- 
sipation 
vs. supply voltage 


Fig. 18 - Power dissipation 
and 
efficiency 
vs. 
output 
power (V 5= 24V) 
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Fig. 22 - Output power vs. 
supply 
voltage 
(circuit 
of 
fig. 21) 
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APPLICATION 
SUGGESTION 


The 
recommended 
values 
of the 
external 
components 
are 
those 
shown 
on 
the 
application 
circuit 
of 
fig. 19., 
When 
the supply 
voltage 
V s is less than 
1OV, a lQOll. 
resistor 
must 
be connected 
between 
pin 1 and pin 4 
in order 
to obtain 
the maximum 
output 
power. 


Different 
values 
can be used. 
The following 
table 
can help the designer. 


Larger than 
Smaller 
than 
Allowed 
range 


Component 
Raccom. 
Purpose 
value 
raccomanded 
value 
raccomanded 
value 
Min. 
Max. 


R1 
10 Kll. 
Close loop gain 
Increase 
of gain. 
Decrease 
of gain. 
9 R2 
setting. 
Increase 
qu iescent 


current. 


R2 
100 ll. 
Close loop gain 
Decrease 
of gain. 
Increase 
of gain. 
R1/9 
setting. 


R3 
1ll. 
Frequency 
stability 
Danger 
of oscillation 
at high frequencies 
with 
inductive 
loads. 


R4 
100 ll. 
Increasing 
of output 
47ll. 
330ll. 


swing with 
low Vs' 


C1 
2.21'F 
Input 
DC 
Lower 
noise 
Higher 
low fre- 
0.11'F 
decoupling. 
quency 
cutoff. 


Higher 
noise. 


C2 
0.11'F 
Supply 
voltage 
Danger of 
bypass. 
oscillations. 


C3 
2.2 I'F 
Inverting 
input 
DC 
Increase 
of the 
Higher 
low fre- 
0.11'F 
decoupling. 
switch-on 
noise 
quency 
cutoff. 


C4 
10l'F 
Ripple 
Rejection. 
Increase 
of SVR. 
Degradation 
of 
2.21'F 
1OOl'F 
Increase 
of the 
SVR. 


switch-on 
time. 


Increase 
of the 
Cs 
471'F 
Bootstrap 
distortion 
at low 
10l'F 
100l'F 
frequency 


C6 
0.221'F 
Frequency 
stability. 
Danger 
of oscillation. 


C7 
1000l'F 
Output 
DC 
Higher 
low fre- 
decoupling. 
quency 
cutoff. 
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The presence 
of a thermal 
limiting 
circuit 
offers 
the following 
advantages: 


1) An overload 
on the 
output 
(even 
if it is permanent). 
or an above 
limit 
ambient 
temperature 
can be 
easily supported 
since the Tj cannot 
be higher 
than 
150°C. 


2) The 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 


is no possibility 
of device 
damage 
due to high junction 
temperature. 
If, for any reason" 
the 
junction 
temperature 
increases 
up to 
150°C, 
the 
thermal 
shut-down 
simply 


reduces 
the power 
dissipation 
and the current 
consumption. 


The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size of the external 
heatsink 
(i.e. its ther- 


mal 
resistance); 
fig. 26 shows 
this dissipable 
power 
as a function 
of ambient 
temperature 
for different 
thermal 
resistance. 


Fig. 24 - Output 
power 
and 
drain 
current 
vs. case 
tem- 
perature 
P-=R=i 
I I ! 
: 
: 
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~"(" 


t- -.-tijTl"-t-r' 
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Fig. 25 - Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature 
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MOUNTING 
INSTRUCTIONS 


The 
thermal 
power 
dissipated 
in the 
circuit 
may 
be 
removed 
by 
connecting 
the 
tabs 
to 
an 
external 
heatsink 
(TDA 
1908A 
see fig. 


27), 
or by soldering 
them 
to 
a 
copper 
area 
on 
the 
PC board 
(TDA 
1908 
see fig. 
28). 


During 
soldering, 
tab 
temperature 
must 
not 
exceed 
260°C 
and 
the 
soldering 
time 
must 
not be longer 
than 
12 seconds. 


Fig. 
26 
- Maximum 
power 
dissipation 
vs. ambient 
tem- 
perature 
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Fig. 28 - 
Mounting 
example 
(TDA 
1908) 
Fig. 29 - Maximum 
power 


dissipation 
and thermal 
re- 
sistance vs. side "I(" 
(TDA 1908) 
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LINEAR 
INTEGRATED 
CIRCUIT 


10W Hi-Fi 
AUDIO 
POWER AMPLIFIER 
WITH 
MUTING 


The 
TDA 
1910 
is a monolithic 
integrated 
circuit 
in MULTIWATT@ 
package, 
intended 
for use in Hi-Fi 
audio 
power 
applications, 
as high quality 
TV sets. 
The 
TDA 
1910 
meets 
the 
DIN 45500 
(d = 0.5%) 
guaranteed 
output 
power 
of lOW when 
used at 24V/ 


4n. 
At 24V/8n 
the output 
power 
is 7W min. 
Features: 


muting 
facility 
protection 
against 
chip over temperature 
very low noise 
high supply 
voltage 
rejection 
low "switch-on" 
noise. 
The TDA 
1910 
is assembled 
in MUL TIWATT@package 
that 
offers: 
easy assembly 
simple 
heatsink 
space 
and cost sav ing 
high reliability. 


Vs 


10 
10 
Vi 
Vi 
Vll 
Ptot 
Tstg, Tj 


Supply 
voltage 
Output 
peak current 
(non 
repetitive) 
Output 
peak current 
(repetitive) 
Input 
voltage 
Differential 
input 
voltage 
Muting 
thresold 
voltage 


,Power 
dissipation 
at T case = 90°C 


. Storage 
and junction 
temperature 


30 
3.5 
3.0 
o to + Vs 
±7 
Vs 
20 
-40 
to 150 
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0 


1 


OUTPUT 


GNu 


GND 


INPUT- 


NC 


SVR 


INPUT- 


MUTING 
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I 
r1820 
Rxl 
I n 
~J (*) 
L-~_' 
c--,-_' ex 
___ -1 


-VT 
(Muting) 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C, 
Rth 
(heatsink) 
4°C/W, 
unless 
otherwise 
specified) 


Parameter 
Test condition 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
8 
30 
V 


Vo 
Qu iescent 
output 
voltage 
Vs = 18V 
8.3 
9.2 
10 
V 
Vs = 24V 
11.5 
12.4 
13.4 


Id 
Quiescent drain current 
Vs=18V 
19 
32 
mA 
Vs = 24V 
21 
35 


VCE sat Output stage saturation voltage 
'c= 2A 
1 
V 
Ic= 3A 
1.6 


Po 
Output power 
d = 0.5% 
f = 40 to 15,OOOHz 
Vs=18V 
RL= 4n 
6.5 
7 
Vs = 24V 
RL= 4n 
10 
12 
w 
Vs = 24V 
RL = 8n 
7 
7.5 


d = 10% 
f = 1 KHz 
Vs=18V 
RL = 4n 
8.5 
9.5 
Vs = 24V 
RL=4n 
15 
17 
W 
Vs = 24V 
RL= 8n 
9 
10 


d 
Harmonic distortion 
f = 40 to 15,000 Hz 
Vs= 18V 
RL= 4n 
Po= 50 mW to 6.5W 
0.2 
0.5 
Vs= 24V 
RL= 4n 


Po= 50 mW to 
10W 
0.2 
0.5 
% 


Vs = 24V 
RL= 8n 


Po= 50 mW to 
7W 
0.2 
0.5 


d 
Intermodu latian distortion 
Vs = 24V 
RL= 4n 
Po= 10W 
f1 = 250 Hz 
f2= 8 KHz 
0.2 
% 


lOIN 45500) 


Vi 
Input sensitivity 
f = 1 KHz 
Vs= 
18V 
RL= 4n 
P = 
7W 
170 
0 


Vs = 24V 
RL= 4n 
P = 12W 
220 
mV 
0 
Vs = 24V 
RL = 8n 
Po= 7.5W 
245 


Vi 
Input saturation voltage (rms) 
Vs=18V 
1.8 
V 
Vs = 24V 
2.4 


Ri 
Input resistance (pin 5) 
f = 1 KHz 
60 
100 
Kn 


Id 
Drain current 
Vs = 24V 
f = 1 KHz 
RL= 4n 
P = 12W 
820 
mA 
0 
RL= 8n 
Po= 7.5W 
475 


lOA 1910 


Parameter 
Test condition 
Min. 
Typ. 
Max. 
Unit· 


1) 
Efficiency 
V5 = 24V 
f = 1 KHz 
RL= 417- 
Po= 12W 
62 
% 
RL= 817- 
Po= 7.5W 
65 


BW 
Small 5ignal bandwidth 
V5 = 24V 
RL= 417- Po= lW 
10 to 
120,000 
Hz 


BW 
Power bandwidth 
V5 = 24V 
RL= 417- 
40 to 15,000 
Hz 
Po = 12W 
d"; 
0.5% 


Gv 
Voltage gain (open loop) 
f ~ 1 KHz 
75 
dB 


Gv 
Voltage gain (closed loop) 
V5 = 24V 
RL~ 417- 
29.5 
30 
30.5 
dB 
f = 1 KHz 
Po = lW 


eN 
Total input noise 
Rg = 5017- 
1.2 
3.0 
Rg = 
lK17- 
(0) 
1.3 
3.2 
IJ.V 
Rg=10K17- 
1.5 
4.0 


Rg = 5017- 
2.0 
5.0 
Rg = 
lK17- (00) 
2.0 
5.2 
IJ.V 
Rg=10K17- 
2.2 
6.0 


SIN 
Signal to noise ratio 
V5 = 24V 
Rg = 10K17- 
(0) 
103 
dB 
Po = 12W 
Rg = 0 
97 
105 
RL= 417- 


Rg = 10K17- (00) 
100 
dB 
Rg = 0 
93 
100 


SVR 
Supply voltage rejection 
V5 = 24V 
RL= 417- 
50 
60 
dB 
f ripple= 100 Hz 
Rg=10K17- 


TSd 
Thermal shut-down 
case 
(0) 
Ptot= 8W 
110 
125 
°C 
temperature 


VT 
Muting-off 
threshold voltage 
1.9 
4.7 
V 
(pin 11) 


VT 
Muting-on 
threshold voltage 
0 
1.3 
(pin 11) 
V 
6 
Vs 


R1 
Input resistance (pin 1) 
Muting off 
80 
200 
K17- 


Muting on 
10 
30 
17- 


Rll 
Input resistance (pin 11) 
150 
K17- 


AT 
Muting attenuation 
Rg+R1=10K17- 
50 
60 
dB 


Note: 
(0) 
Weighting filter 
= curve A. 
(00) 
Filter with noise bandwidth: 
22 Hz to 22 KHz. 
(0) 
Seefig. 29 and fig. 30. 
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Fig. 
1 - Quiescent 
output 
voltage VS. supply voltage 
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Fig. 4 - Output 
power vs. 


supply voltage 
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Distortion 
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Fig. 
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current vs. supply voltag~ "" 
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Fig. 5 - Output 
power vs. 


supply voltage 
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Fig. 8 - Output 
frequency 
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Fig. 3 -Open loop frequency 
response 
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Fig. 9 - Output 
frequency 
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Fig. 
10 - Output 
power 
vs. 


input 
voltage 


'!>' 
{W,: 


c-- 


"- 
- c-- 


"- 


-.JJJ is!iz 


"l"- 
"l~. 
Bw:5KHz 


10KHz l==I 


I 
\: \ 
15KHz 


I 


30KHz 


Fig. 
16 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
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Fig. 
11 
- Output 
power 
vs. 


input 
voltage 
Fig. 
12 - Total 
input 
noise 
vs. source 
resistance 


Fig. 
15 - Supply 
voltage 
re- 


jection 
vs. 
source 
resitance 


I 
I I 


I 
"5=24\1 L1 
Rl=4fl. 


fripPle = 100Hz 


i 


...••......••... 


II 
II 


Fig. 
14 - Supply 
voltage 
re- 


jection 
vs. voltage 
gain 
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Fig. 
18 - Max 
power 
dissi· 


pation 
vs. 
supply 
voltage 
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Fig. 
17 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
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Fig. 20 - PC board and component lay-out of the 
circuit of fig. 19 (1: 1 scale) 
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Performance 
(circuits of fig. 19 and 21) 


Po = 12W (40 to 15000 Hz, d <0.5%) 
Vs = 24V 
Id = 0.82A 
Gv= 
30 dB 
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APPLICATION 
INFORMATION 
(continued) 


Fig. 22 - Two position DC tone control 
(10 dB boost 50 Hz and 
20 KHz) using change of pin 1 resistance (muting function) 
Fig. 
23 
- 
Frequency 
re- 
sponse 
of 
the 
circuit 
of 
fig. 22 
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Fig. 24 - 10 dB 50 Hz boost tone control 
using change of pin 
resistance (muting function) 
Fig. 
25 
- 
Frequency 
re- 
sponse 
of 
the 
circuit 
of 
fig. 24 
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MUTING FUNCTION 


The 
output 
signal 
can 
be inhibited 
applying 
a DC voltage 
VT to pin 
11, as shown 
in fig. 28 


rwr- 


II· I•• 
I I 
I 
~ 


1.9V .;;; VT .;;; 4.7V 


OV';;; VT';;; 
1.3V 
6V';;; VT';;; 
Vs 


Referring 
to the 
following 
input 
stage, 
the 
possible 
attenuation 
of the 
input 
signal and therefore 
of the 
output 
signal can be found 
using the following 
expression. 


Considering 
Rg= 
10 Kn 
the 
attenuation 
in the 
muting-on 
condition 
is typically 
AT= 
60 dB. 
In the 
muting-off 
condition, 
the attenuation 
is very low, typically 
1.2 dB. 


A very 
low current 
is necessary 
to drive 
the 
threshold 
voltage 
V T because 
the 
input 
resistance 
a~ pin 
11 
is greater 
than 
150 Kn. The 
muting 
function 
cart be used 
in many 
cases, 
when 
a temporary 
inhibition 
of the output 
signal is requested, 
for example: 


in switch-on 
condition, 
to avoid 
preamplifier 
power-on 
transients 
(see fig. 27) 
- 
during 
commutations 
at the 
input 
stages. 
- 
during 
the 
receiver 
tuning. 


The 
variable 
impedance 
capability 
at pin 
1 can 
be useful 
in many 
applications 
and we have 
shown 
2 
examples 
in fig. 22 and 24, where 
it has been 
used to change 
the feedback 
network, 
obtaining 
2 different 
frequency 
responses. 
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The recommended 
values 
of the 
components 
are those 
shown 
on application 
circuit 
of fig. 21. Different 


values 
can be used. 
The following 
table 
can help the designer. 


Component 
Recomm. 
Purpose 
Larger than 
Smaller 
than 
Allowed 
range 
value 
recommended 
value 
recommended value 
Min. 
Max. 


Rg + R I 
10Kn 
Input 
signal imped. 
Increase 
of the atte- 
Decrease 
of the atte- 
for muting operation 
nuation in muting-on 
nuation in muting 


condition .Decrease of 
on condition. 
the input 
sensitivity. 


R2 
3.3Kn 
Close loop gain 
Increase of gain. 
Decrease 
of gain. 
9 R3 
setting. 
Increase quiescent 
current. 


R3 
lOOn 
Close loop gain 
Decrease of gain. 
Increase 
of gain. 
R2/9 
setting. 


R4 
In 
Frequency 
stability 
Danger 
of oscillation 


at high frequencies 
with 
inductive 
loads. 


PI 
20Kn 
Volume 
paten· 
Increase 
of the 
Decrease 
of the input 
10Kn 
100Kn 
tiometer. 
switch-on noise. 
impedance 
and the 
input 
level. 


CI 
1 JlF 
Input 
DC 
Higher 
low fre- 


C2 
1 JlF 
decoupling. 
quency 
cutoff. 


C3 
0.22 JlF 


C4 
2.2 JlF 
Inverting 
input 
DC 
Increase 
of the 
Higher 
low fre- 
O.lI-'F 


decoupling. 
switch-on 
noise. 
quency 
cutoff. 


Cs 
0.1 JlF 
Supply 
voltage 
Danger 
of 
bypass. 
oscillations. 


C6 
10 JlF 
Ripple 
Rejection. 
Increase 
of SV R . 
Degradation 
of 
2.2 JlF 
100 JlF 
Increase 
of the 
SVR. 


switch-on time. 


C7 
47 JlF 
Bootstrap. 
Increase 
of the distor- 
10 JlF 
100 JlF 


tion at low 1re· 
quency. 


C8 
0.22 JlF 
Frequency 
stability. 
Danger 
of oscillation. 


Cg 
2200 
JlF 
Output 
DC 
Higher 
low fre- 
(RL=4n) 
decoupling. 
quency 
cutoff. 


1000 
IlF 
(RL= Bn) 
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1) An overload 
on the 
output 
(even 
if it is permanent). 
or an above 
limit 
ambient 
temperature 
can' be 
easily 
supported 
since the Tj cannot 
be higher 
than 
150°C. 


2) The 
heatsink 
can 
have 
a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 
is no possibility 
of device 
damage 
due to high junction 
temperature. 


If for 
any 
reason, 
the 
junction 
temperature 
increases 
up to 
150°C, 
the 
thermal 
shut-down 
simply 
reduces 
the power 
dissipation 
and 
the current 
consumption. 


The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size of the external 
heatsink 
(i.e. its ther- 
mal 
resistance); 
fig. 31 shows 
th is dissipable 
power 
as a function 
of ambient 
temperature 
for different 
thermal 
resistance. 


Fig. 29 - Output 
power 
and 
drain 
current 
vs. case 
ter- 
perature 
% 
~ 
(W) 
(A) 
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Fig. 30 - Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature 
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Fig. 
31 
- 
Maximum 
allow- 
able 
power 
dissipation 
vs. 
ambient 
temperature 
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(W) 


16 


lOA 1910 


The 
power 
dissipated 
in the circuit 
must 
be removed 
by adding 
an external 
heatsink. 


Thanks 
to 
the 
Multiwatt 
® 
package 
attaching 
the 
heatsink 
is very 
simple, 
a screw 
or a compression 
spring 
(clip) 
being 
sufficient. 
Between 
the 
heatsink 
and the 
package 
it is better 
to insert 
a layer of silicon 
grease, 
to optimize 
the thermal 
contact; 
no electrical 
isolation 
is needed 
between 
the two 
surfaces. 


TDA2002 
LINEAR 
INTEGRATED 
CIRCUIT 


8W CAR RADIO AUDIO AMPLIFIER 


The 
TDA 
2002 
is a class B audio 
power 
amplifier 
in Pentawatt 
® package 
designed 
for driving 
low im- 


pedance 
loads 
(down 
to 
1.6n). 
The device 
provides 
a high output 
current 
capability 
(up to 3.5A), 
very 
low harmonic 
and cross-over 
distortion. 
In addition, 
the device 
offers 
the following 
features: 


very low number 
of external 
comoonents 
assembly 
ease, due to Pentawatt 
® power 
package 
with 
no electrical 
insulation 
requirement 
space 
and cost 
saving 


high reliability 
flexibility 
in use 
complete 
safety 
during 
operation 
due to protection 
against: 
a) short 
circuit; 
b) thermal 
over range; 
c) fortuitous 
open 
ground; 
d) polarity 
inversion 
(V, max= 
12V); 
e) load dump 
voltage surge. 


Vs 
V, 
V, 


10 


10 
Ptot 
T,tg, Tj 


Peak supply 
voltage 
(50 ms) 
DC supply 
voltage 
Operating 
supply 
voltage 
Output 
peak 
current 
(repetitive) 
Output 
peak 
current 
(non 
repetitive) 
Power 
dissipation 
at T case = 90°C 
Storage 
and junction 
temperature 


40 
28 
18 
3.5 
4.5 
15 
-40 to 150 


ORDERING 
NUMBERS: 
TDA 2002 
H 
TDA 2002 
V 


14 
&8 
1o,4••••.• 
-$ 


~ 


8 
6"" 


__ 
'5_8_~' 
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CONNECTION 
DIAGRAM 
(top view) 


SUPPLY 
VOLTAGE 


OUTPUT 


GROUND 


INVERTING 
INPUT 


INVERTING 
INPUT 


Il00nF 
lOa~FI 


lOa 
InF 
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Rth j-ca"" 
Thermal 
resistance junction-case 


Vs 
Supply voltage 
8 
18 
V 


- 


Vo 
Quiescent output 
voltage (pin 4) 
6.4 
7.2 
8 
V 
- 


ld 
Quiescent drain current 
(pin 5) 
45 
80 
mA 


Po 
Output power 
d = 10% 
f = 1 kHz 
RL= 4.11 


4.8 
5.2 
W 
RL= 2.11 
Vs=16V 
7 
8 
W 
RL= 4.11 


6.5 
RL= 2.11 
W 
10 
W 


Vi(rms) 
Input saturation voltage 
600 
mV 


Vi 
Input sensitivity 
f = 1 kHz 
Po=0.5W 
RL= 4.11 
15 
mV 
Po=0.5W 
RL= 2.11 
11 
mV 
Po = 5.2W 
RL= 4.11 
55 
mV 
Po= 8W 
RL= 2.11 
50 
mV 


B 
Frequency response 
~J;v 
RL= 4.11 
Po= 1W 
(-3 dB) 
40 to 15000 
Hz 


d 
Distortion 
f: 
1 kHz 
Po = 0.05 to 3.5W 
RL=4.11 
0.2 
% 


Po: 
0.05 to 5W 
RL= 2.11 
0.2 
% 


Ri 
Input resistance (pin 1) 
f = 1 kHz 
70 
150 
k.l1 


Gv 
Voltage gain (open loop) 
RL= 4.11 
f = 1 kHz 
80 
dB 


Gv 
Voltage gain (closed loop) 
RL= 4.11 
f = 1 kHz 
39.5 
40 
40.5 
dB 


eN 
Input noise voltage 
(.) 
4 
/-LV 


iN 
Input noise current 
(.) 
60 
pA 


'1 
Efficiency 
f: 
1 kHz 
Po = 5.2W 
RL= 4.11 
68 
% 


Po = 8W 
RL=2.11 
58 
% 


SVR 
Supply voltage rejection 
RL= 4.11 
Rg= 10 k.l1 
f ripple: 
100 Hz 
30 
35 
dB 
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Fig. 
1 
- 
Quiescent 
output 


voltage 
vs. 
supply 
vo!t~He 


Fig. 
4 - 
Output 
power 
vs. 


load resistance 
R L 
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Fig. 
7 - Distortion 
vs. out· 
put power 
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Fig. 2 - Quiescent 
drain 
cur- 


rent 
vs. supply 
voltage 
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Fig. 
5 
- 
Input 
voltage 
vs. 


voltage 
gain (RL = 4.\1) 


Fig. 
3 
- 
Output 
power 
vs. 


supply 
voltage 


Fig. 
6 
- 
Input 
voltage 
vs. 


voltage 
gain (RL = 2.\1) 
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Fig. 9 - Supply 
voltage 
rejec- 


tion 
vs. voltage 
gain 
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Fig. 
10 
- 
Supply 
voltage 
rejection 
vs. frequency 


Fig. 
13 
- Maximum 
power 
dissipation 
vs. supply 
voltage 
(sine wave operation) 


C3 
100 
InF 


Fig. 
11 
- Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL = 40) 


"s;14.4\1 
I 


G"," 'OdS 
t" lkH:r 
;- 


R ",n , 


--j- 


Plot 


H- -+ 
t 
I 


Fig. 
12 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL = 20) 
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Fig. 14 - Maximim 
allowable 
power 
dissipation 
vs. 
am- 
bient 
temperature 


INFINIlE 
HEATSIN 
+ 
, 


10'C/W 


I 
I 


30'CIW 


I 
~ 


Fig. 15 - Values 
of capacitor 
(Cx) 
for different 
values 
of 
freq uency 
response 
(B) 
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Fig. 17 - P.C. board 
and 
component 
layout 
for the 
circuit 
of fig. 16 (1:1 
scale) 
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Fig. 18 - Low cost application 
circuit 
~-~;-10-0--~0 
.•.VS 


~,.uF 
,...•• 


Fig. 
19 - P.C. board 
and component 
layout 
for the 


circuit 
of fig. 18 (1:1 
scale) 
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LOAD 
DUMP 
VOLTAGE 
SURGE 
PROTECTION 
The TDA 2002 has a circuit which enables it to withstand 
a 
voltage 
pulse train, on pin 5, of the type shown in fig. 22. 


If the 
supply voltage peaks to more than 40V, then an LC 
filter must be inserted between the supply and pin 5, in order 
to assure that the pulses at pin 5 will be held within the limits 
shown in fig. 22. 
A suggested 
LC network 
is shown in fig. 23. 
With this net- 
work, a train of pulses with amplitude 
up to 120V and width 
of 2 ms can be applied at point A. This type of protection 
is 
ON when 
the 
supply 
voltage 
(pulsed or DC) exceeds 18V. 


For this reason the maximum operating supply voltage is 18V. 


FROM 
A 
l=:2mH 


SUPPLY 
~TO 
PIN 
5 


LINE 
c:::l£"""" 
I 


3000~F 


16' 


5.1901 


The presence of a thermal limiting circuit offers the following advantages: 
1) an overload on the output 
(even if it is permanent), 
or an excessive ambient temperature 
can be easily 
withstood 
2) the heat-sink 
can have a smaller factor of safety compared with that of a conventional 
circuit. There 
is no device damage in the case of excessive junction 
temperature: 
all that happens is that Po (and 
therefore 
Ptod and Id are reduced (figs. 24 and 25). 
. 


Fig. 25 - Output power and 
drain current 
vs. case tem- 
perature (RL= 2,n ) 
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Fig. 24 - Output power and 
drain 
current 
vs. case tem- 
perature (R L= 4,n ) 
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Printed 
circuit 
board 
The 
layout 
shown 
in fig. 
17 is recommended. 
If different 
layouts 
are used, the ground 
points 
of input 
1 
and 
input 
2 must 
be well decoupled 
from 
the ground 
of the output 
through 
which 
a rather 
high current 
flows. 


Assembly 
suggestion 
No electrical 
insulation 
is needed 
between 
the 
package 
and 
the 
heat-sink. 
Pin length 
should 
be as short 
as possible. 
The soldering 
temperature 
must 
not exceed 
260°C 
for 
12 seconds. 


Application 
suggestions 
The 
recommended 
component 
values 
are 
those 
shown 
in the 
appl ication 
circuits 
of fig. 
16. Different 
values 
can be used. 
The following 
table 
is intended 
to aid the car-radio 
designer. 


Component 
Recommended 
Purpose 
Larger than 
Smaller than 
value 
recommended 
value 
recommended value 


C1 
2.2I'F 
Input DC 
Noise at switch-on, 


decoupling 
switch-off 


C2 
470l'F 
Ripple rejection 
Degradation of SVR 


C3 
0.11'F 
Supply bypassing 
Danger of oscillation 


C4 
1000l'F 
Output coupling 
Higher low frequency 
to load 
cutoff 


C5 
0.11'F 
Frequency stability 
Danger of oscillation 
at high frequencies 
with inductive loads 


Cx 
~ 
1 
Upper frequency 
Lower bandwidth 
Larger bandwidth 
2" 
B R1 
cutoff 


R1 
(Gv-1) 
• R2 
Setting of gain 
Increaseof drain 
current 


R2 
2.2 n. 
Setting of gain and 
Degradation of SVR 
SVR 


R3 
1n. 
Frequency stability 
Danger of oscillation 
at high frequencies 
with inductive loads 


Rx 
'" 20 R2 
Upper frequency 
Poor high frequency 
Danger of oscillation 
cutoff 
attenuation 


LINEAR 
INTEGRATED 
CIRCUIT 
lOA 2003 


The TDA 2003 has improved performance 
with the same pin configuration 
as the TDA 2002. The ad- 
ditional features of TDA 2002, very low number of external components, 
ease of assembly, space and 
cost saving, are maintained. 
The device provides a high output 
current 
capability 
(up to 3.5A) very low harmonic and cross-over 
distortion. 
Completely 
safe operation 
is guaranteed 
due to protection 
against DC and AC short circuit between all 
pins and ground, thermal over-range, 
load dump voltage surge up to 40V, polarity inversion and fortu- 


itous open grou.nd. 


Vs 
Vs 
Vs 


10 


10 
Ptot 
Tstg, Tj 


Peak supply voltage (50 ms) 
DC supply voltage 
Operating supply voltage 
Output peak current (repetitive) 
Output p.eak current (non repetitive) 
Power dissipation at Tcase = 90°C 
Storage and junction temperature 


ORDERING 
NUMBERS: 
TDA 2003H 
TDA 2003V 


40 
28 
18 
3.5 
4.5 
20 
-40 to 150 


II1!. 
u::....) 


158""" 
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CONNECTION 
DIAGRAM 
(top view) 


SUPPLY 
VOLTAGE 


OUTPUT 


GROUND 


INVERTING 
INPUT 


INVERTING 
INPUT 


Rth j-case 
Thermal 
resistance 
junction-case 
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I---~OtVs 


Il00nF 
Cl 
V'o-I 
1 


10 iJF 
3V 
2 


100 
InF 


Vs 
Supply voltage 
8 
18 
V 


Vo 
Quiescent output voltage (pin 4) 
6.1 
6.9 
7.7 
V 


Id 
Quiescent drain current (pin 5) 
44 
50 
mA 


Po 
Output power 
d = 10% 
f = 1 kHz 
RL = 4lL 
5.5 
6 
W 
RL= 2lL 
9 
10 
W 
RL=3.2lL 
7.5 
W 
RL= 1.6lL 
12 
W 


Vi(rms) 
Input 
saturation 
voltage 
300 
mV 


Vi 
Input sensitivity 
f = 1 kHz 
Po = 0.5W 
RL=4lL 
14 
mV 
Po = 6W 
RL= 4lL 
55 
mV 


Po = 0.5W 
RL= 2lL 
10 
mV 


Po = 10W 
RL= 2lL 
50 
mV 
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Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


B 
Frequency response (-3 dB) 
Po = 1W 
RL = 4.n 
40 to 15,000 
Hz 


d 
Distortion 
f = 1 kHz 
Po= 0.05 to 4.5W 
RL=4.n 
0.15 
% 


Po= 0.05 to 7.5W 
RL = 2.n 
0.15 
% 


Rj 
Input resistance (pin 1) 
f = 1 kHz 
70 
150 
k.n 


Gv 
Voltage gain (open loop) 
f = 1 kHz 
80 
dB 
f=10kHz 
60 
dB 


Gv 
Voltage gain (closed loop) 
f = 1 kHz 
39.5 
40 
40.5 
dB 
RL=4.n 


eN 
J nput noise voltage 
(O) 
1 
5 
jlV 


iN 
Input 
noise current 
(0) 
60 
200 
pA 


1) 
Efficiency 
f = 1 kHz 
Po= 6W 
RL= 4.n 
69 
% 


Po=10W 
RL = 2.n 
65 
% 


SVR 
Supply voltage rejection 
f = 100 Hz 
VriPPle= 0.5V 
Rg= 10 k.n 
RL = 4.n 
30 
36 
dB 


Fig. 
1 - Quiescent 
output 
Fig. 2 - Quiescent 
drain 
cur- 
Fig. 3 - Output 
power 
vs. 
voltage 
vs. 
supply 
voltage 
rent vs. supply 
voltage 
supply 
voltage 
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Fig. 4 - 
Output 
power 
vs. 
Fig.5 
- 
Gain 
vs. input 
sen- 
Fig. 6- 
Gain 
vs. 
input 
sen- 


load resistance 
R L 
sitivity 
sitivity 
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Fig. 
7 - Distortion 
vs. out- 
Fig. 8 - Distortion 
vs. fre- 
put 
power 
quency 
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Fig. 
10 
- 
Supply 
voltage 


rejection 
vs. frequency 
Fig. 
11 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL = 4,n) 
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Fig. 9 - Supply 
voltage 
rejec- 


tion 
vs. voltage 
gain 
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Fig. 
12 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(RL= 2,n) 
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Fig. 13 - Maximum 
power 
dissipation vs.supply voltage 
(sine wave operation) 


Fig. 16 - Typical application 
circuit 


Fig. 18 - 20W bridge configura- 
tion application circuit 
(*) 


(.) The values of the capacitors 
C3 and C4 are different 
to op- 
timize the SVR (Typ.~ 40 dB) 


Fig. 14 - Maximum allowable 
power 
dissipation 
vs. am- 
bient temperature 


Fig. 15 - Typical 
values of 


capacitor 
(Cx) for different 


values of frequency response 
(8) 
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Fig. 17 - P.C. board and component 
layout for the 


circuit of fig. 16 (1:1 scale) 
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Fig. 19 - P.C. board and component 
layout for thp 


circuit of fig. 18 (1: 1 scale) 
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Fig. 
20 
- 
Low 
cost 
bridge 
confi!J.uration 
appl ication 
cir- 
cuit 
( ) (P0= 18W) 


Fig. 21 - P.C. board 
and 
component 
layout 
for the 
('Ileu;t of fiq 
?C1 11 
1 ,clip) 
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C4 
R1 
C5 
C6 
(*) In 
this 
application 
the 
device 
call 


support 
a short 
circuit 
between 
every 


side of 
the 
loudspeaker 
and ground. 


Fig. 22 - P.C. board 
and component 
layout 
for the low-cost 
bridge 
amplif,et 
of Itg. 20, in stereo 
version 
(1: 1 scale) 
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Load dump voltage surge 
The 
TDA 
2003 
has a circuit 
which 
enables 
it to withstand 
a voltage 
pulse 
train, 
on pin 5, of the 
type 
shown 
in fig. 23. 


If the 
supply 
voltage 
peaks 
to more 
than 
40V, 
then 
an LC filter 
must 
be inserted 
between 
the 
supply 
and 
pin 
5, 
in order 
to 
assure 
that 
the 
pulses 
at pin 5 will be held within 
the 
limits 
shown 
in fig. 23. 
A suggested 
LC network 
is shown 
in fig. 24. With 
this 
network, 
a train 
of pulses 
with 
amplitude 
up to 
120V 
and 
width 
of 2 ms can 
be 
applied 
at 
point 
A. This 
type 
of protection 
is ON when 
the 
supply 
voltage 
(pulsed 
or DC) exceeds 
18V. 
For this reason 
the maximum 
operating 
supply 
voltage 
is 18V. 
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FROM 
A 
L:2mH 


SUPPLY ~TO 
PIN 5 


LINE 
J£ 
, 
I 


3000JJF 
16V 


5_1'01 


t2 ---J 


Short-circuit 
(AC and DC conditions) 
The TDA 2003 can withstand 
a permanent 
short-circuit 
on the output 
for a supply voltage up to 16V. 


Polarity 
inversion 
High current 
(up to 5A) can be handled by the device with no damage for a longer period than the 
blow-out 
time of a quick 1A fuse (normally connected 
in series with the supply). 
This feature 
is added to avoid destruction 
if, during fitting to the car, a mistake on the connection 
of 
the supply is made. 


Open 
ground 
When the radio is in the ON condition 
and the ground is accidentally opened, a standard audio amplifier 
will be damaged. On the TDA 2003 protection 
diodes are included to avoid any damage. 


Inductive 
load 
A protection 
diode is provided between 
pin 4 and 5 (see the internal schematic diagram) to allow use of 
the TDA 2003 with inductive loads. 
In particular, the TDA 2003 can drive a coupling transformer 
for audio modulation. 


DC 
voltage 
The maximum operating DC volta!le on the TDA 2003 is 18V. 
However the device can withstand 
a DC voltage up to 28V with no damage. This could occur during 
winter if two batteries were series connected to crank the engine. 


Thermal 
shut-down 
The presence of a thermal limiting circuit offers the following advantages: 
1) an overload on the output 
(even if it is permanent), 
or an excessive ambient temperature 
can be easily 
withstood. 
2) the heat-sink 
can have a smaller factor of safety compared with that of a conventional 
circuit. There 
is no device damage in the case of excessive junction 
temperature: 
all that happens is that Po (and 
therefore 
Ptot) and Id are reduced (figs. 25 and 26). 


Fig. 25 - Output power and 
drain 
current 
vs. case tem- 
perature 
(RL = 4 n.) 


Fig. 26 - Output power and 
drain 
current 
vs. case tem- 
perature 
(RL = 2n.) 
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Printed 
circu it board 
The 
layout 
shown 
in fig. 17 is recommended. 
If different 
layouts 
are used, the ground 
points 
of input 
1 
and 
input 
2 must 
be well decoupled 
from 
the ground 
of the output 
through 
which 
a rather 
high current 
flows. 


Assembly 
suggestion 
No electrical 
insulation 
is required 
between 
the 
package 
and 
the 
heat-sink. 
Pin length 
should 
be as short 
as possible. 
The soldering 
temperature 
must 
not exceed 
260 


0 C for 12 seconds. 


Application 
suggestions 
The 
recommended 
component 
values 
are 
those 
shown 
in the 
application 
circuits 
of fig. 16. Different 
values 
can be used. The following 
table 
is intended 
to aid the car-radio 
designer. 


Component 
Recommended 
Purpose 
Larger than 
Smaller than 
value 
recommended 
value 
recommended 
value 


Cl 
2.2 I'F 
Input DC 
Noise 
at switch-on, 
decoupling 
switch-off 


C2 
470 I'F 
Ripple rejection 
Degradation of SVR 


C3 
O.lI'F 
Supply bypassing 
Danger of oscillation 


C4 
1000 I'F 
Output coupling to 
Higher low frequency 
load 
cutoff 


C5 
O.lI'F 
Frequency stability 
Danger of oscillation at 
high frequencies with 
inductive 
loads 


Cx 
1 
Upper frequency 
Lower bandwidth 
Larger bandwidth 
- 
2 7rB Rl 
cutoff 


Rl 
(Gv-l) 
• R2 
Setting of gain 
Increase 
of drain 
current 


R2 
2.2 n 
Setting of gain and 
Deg,adation of SVR 
SVR 


R3 
1 n 
Frequency stability 
Danger of oscillation at 
high frequencies with 
inductive 
loads 


Rx 
- 
20 R2 
Upper frequency 
Poor high frequency 
Danger of oscillation 
cutoff 
attenuation 


TDA2004 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
2004 
is a class 
B dual 
audio 
power 
ampl ifier in MU LTIWA TT ® package 
specifically 
desigtled 
for 
car 
radio 
applications: 
stereo 
amplifiers 
are 
easily 
designed 
using 
this 
device 
that 
provides 
a high 
current 
capability 
(up to 3.5A) 
and that 
can drive very low impedance 
loads 
(down 
to 1.6n.). 
Its main 
features 
are: 


Low distortion. 
Low noise. 
High reliability 
of the 
chip 
and 
of the 
package 
with 
additional 
complete 
safety 
during 
operation 
thanks 


to protections 
against: 


output 
AC short 
circuit 
to ground 
very inductive 
loads 
overrati 
ng ch ip temperature 


load dump 
voltage 
surge 
fortuitous 
open 
ground 
polarity 
inversion 
Space 
and 
cost 
saving: 
very 
low number 
of external 
components, 
very simple 
mounting 
system 
with 
no 


electrical 
isolation 
between 
the package 
and the heatsink 
(one screw only). 


Vs 
Vs 
Vs 


10 (*) 


10 (*) 
Ptot 
Tj, Tstg 


Operating 
supply 
voltage 


DC supply 
voltage 
Peak supply 
voltage 
(for 50 ms) 
Output 
peak current 
(non 
repetitive 
t = 0.1 ms) 
Output 
peak current 
(repetitive 
f ~ 
10Hz) 
Power 
dissipation 
at Tease = 60°C 
Storage 
and junction 
temperature 


18 
28 
40 
4.5 
3.5 
30 
-40 to 150 
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CONNECTION 
DIAGRAM 


(top view) 


0- 


BOOTSTRAP 
I 


OUTPUT 
I 
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2 


BOOTSTRAP 
2 
GNO 
INPUT+(2) 
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SVRR 
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C3 ---c=J- 
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ELECTRICAL 
CHARACTERISTICS 
/Refer 
to 
the 
test 
circuit, 
Tamb= 
25°C, 
Gv= 
50 
dB, 


Rth (heatsink) = 4°C/W, 
unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
8 
18 
V 


Vo 
Quiescent output voltage 
Vs=14.4V 
6.6 
7.2 
7.8 
V 
Vs = 13.2V 
5.0 
6.6 
7.2 
V 


Id 
Total quiescent drain current 
Vs=14.4V 
65 
120 
mA 
Vs=13.2V 
62 
120 
mA 


158 
Stand-by current 
Pin 3 grounded 
5 
mA 


Po 
Output power (each channel) 
f = 1 KHz 
d= 10% 


Vs=14.4V 
RL = 4.11 
6 
6.5 
W 
RL=3.2.11 
7 
8 
W 
RL = 2.11 
9 
10(*) 
W 
RL = 1.6.11 
10 
11 
W 


Vs=13.2V 
RL= 3.2.11 
6 
6.5 
W 
RL = 1.6.11 
9 
10 
W 
Vs=16V 
RL = 2 .11 
12 
W 


d 
Distortion 
(each channel) 
f ~ 1 KHz 
Vs=14.4V 
RL = 4.11 
Po= 50 mW to 4W 
0.2 
1 
% 


Vs~14.4V 
RL = 2.11 
Po~ 50 mW to 6W 
0.3 
1 
% 


Vs = 13.2V 
RL=3.2.11 
Po= 50 mW to 3W 
0.2 
1 
% 


Vs ~ 13.2V 
RL = 1.6.11 


Po= 50 mW to 6W 
0.3 
1 
% 


CT 
Cross talk 
Vs = 14.4V 
Vo= 4 V rms 
RL = 4.11 
f ~ 1 KHz 
50 
60 
dB 
f~10KHz 
40 
45 
dB 


Vi 
I nput 
sensitivity 
f = 1 KHz 
Po = 1W 
RL= 4.11 
6 
mV 
RL = 3.2.11 
5.5 
mV 


Vj 
Input saturation voltage 
300 
mV 


Rj 
I nput resistance (non inverting 
f = 1 KHz 
70 
200 
K.I1 


input) 


Rj 
Input resistance (inverting input) 
f = 1 KHz 
10 
K.I1 


fL 
Low frequency roll off (-3 dB) 
RL=4.11 
35 
Hz 
RL=2.11 
50 
Hz 
RL=3.2.11 
40 
Hz 
RL = 1.6.11 
55 
Hz 


fH 
High frequency roll off 1-3 dB) 
RL = 4.11 
15 
KHz 
RL = 2.11 
15 
KHz 
RL = 3.2.11 
15 
KHz 
RL = 1.6.11 
15 
KHz 
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Parameters 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Voltage gain (open loop) 
f = 1 KHz 
90 
dB 


Gv 
Voltage gain (closed loop) 
f = 1 KHz 
48 
50 
51 
dB 


Closed loop gain matching 
0.5 
dB 


eN 
Total input noisevoltage 
Rg= 10 Kn(O) 
1.5 
5 
J.lV 


SVR 
Supply voltage rejection 
friPPle= 100 Hz Rg= 10 Kn 
C3= 10J.lF 
VripPle=0.5Vrms 
35 
45 
dB 


1'1 
Efficiency 
Vs = 14.4V 
f = 1 KHz 


RL= 4n 
Po= 6.5W 
70 
% 


RL= 2n 
Po=10W 
60 
% 


Vs = 13.2V 
f = 1 KHz 
RL= 3.2n 
Po= 6.5W 
70 
% 


RL= 1.6n 
Po= 10W 
60 
% 


TSd 
Thermal shut down case 
Vs=14.4V 
RL= 4n 
temperature 
f = 1 KHz 
Ptot= 5.5W 
125 
135 
°C 


Fig.3 
- 
Quiescent 
output 
voltage 
vs. 
supply 
voltage 


(;.429' 


Fig.6 
- 
Output 
power 
vs. 
supply 
voltage 


Fig.4 
- 
Quiescent 
drain 
current 
vs. 
supply 
voltage 
Fig. 5 - Distortion 
vs. out- 


put power 


Fig. 7 
- 
Output 
power 
vs. 


supply 
voltage 
Fig. 8 - Distortion 
vs. fre- 


quency 
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Fig. 9 
- 
Distortion 
vs. fre- 
quency 


Fig. 12 
- 
Supply 
voltage 
rejection 
vs. values of ca- 
pacitors C2 and C3 
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Fig. 15 
Gain 
vs. input 
sensitivity 
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Fig. 
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rejection vs. C3 
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Fig. 16 - Total power dissi· 
pation 
and 
efficiency 
vs. 


output powpr 


Fig. 11 
- 
Supply 
voltage 
rejection vs. frequency 


Fig. 14 
Gain 
vs. input 
sensitivity 
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Fig. 17 - Total power dissi· 
pation 
and 
efficiency 
vs. 
output 
power 
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Fig. 19 - 
Application 
circuit 
without 
boot- 


strap (Gv = 40 dB) 
Fig. 
20 - 
18W low-cost 
bridge application 
(Gv == 30 dB) 
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Fig. 
21 
- 
10 
+ 
lOW stereo 
amplifier 
with 
tone, 
balance 
and 
loudness 
control 


lNF'UT(U1 


lNPUT(RJi 
~61\.Cl 


T 


2 


_ 


2nF 


~"' 
"'"']:I tn, 


Fig. 
22 
Tone 
control 
response 
(circuit 
of fig. 21) 
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The recommended 
values 
of the components 
are those 
shown 
on application 
circuit 
of fig. 18. 


Different 
values 
can be used; the following 
table 
can help the designer. 


Component 
Recomm. 
Purpose 
Larger than 
Smaller than 
value 


Rj 
120 Kn 
Optimisation of the 
Smaller 
Po max 
Smaller Po max 
output 
signal simmetry 


R2 and R4 
1 Kn 
Increase 
of gain 
Decrease 
of gain 
Close loop gain setting 
R3 and Rs 
3.3 n 
Decreaseof gain 
Increase 
of gain 


R6 and R7 
1n 
Frequency stability 
Danger of oscillation at 
high frequency with 


inductive 
load 


C, and C2 
2.2/iF 
Input DC decoupling 
High turn-on delay 
High turn-on pop 
Higher low frequency 
cutoff. 
Increase of noise. 


C3 
10 /iF 
Ripple rejection 
Increaseof SVR. 
Degradation of SVR. 


Increase of the switch-on 
time. 


C4 and C6 
100 /iF 
Bootstrapping 
Increase 
of distortion 
at low frequency. 


Cs and C7 
100 /iF 
Feedback Input DC 
decoupling. 


Cs and Cg 
0.1/iF 
Frequency stability. 
Danger of oscillation. 


C10 and 
1000 /iF to 
Output DC decoupling. 
Higher low-frequency 
CII 
2200 /iF 
cut-off. 
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Load dump voltage surge 
The 
TDA 
2004 
has a circuit 
which 
enables 
it to withstand 
a voltage 
pulse 
train, 
on pin 9, of the 
type 


shown 
in fig. 27. 


If the 
supply 
voltage 
peaks 
to more 
than 
40V, 
then 
an 
LC filter 
must 
be inserted 
between 
the 
supply 
and pin 9, in order 
to assure 
that 
the pulses 
at pin 9 will be held within 
the 
limits 
shown. 


A suggested 
LC network 
is shown 
in fig. 26. 
With 
this 
network, 
a train 
of pulses 
with 
amplitude 
up to 


l20V 
and 
width 
of 2 ms can 
be applied 
to point 
A. This type 
of protection 
is ON when 
the supply 
volt- 
age (pulse 
or DC) exceeds 
l8V. 
For this reason 
the maximum 
operating 
supply 
voltage 
is l8V. 


FROM 
A 
l:2mH 


SUPPLY 
~TO 
PINg 


LINE 
~.,,, 
•..•, 
I 


JOOO~F 
16' 


:':0.1901 


Short circuit (AC conditions) 
The 
TDA 
2004 
can withstand 
a permanent 
short-circuit 
on the 
output 
for a supply 
voltage 
up to l6V. 


Polarity 
inversion 
High 
current 
(up 
to 
lOA) 
can 
be handled 
by the 
device 
with 
no damage 
for 
a longer 
period 
than 
the 


blow-out 
time 
of a quick 
2A fuse 
(normally 
connected 
in series with 
the supply). 
This feature 
is added 
to 
avoid 
destruction, 
if during 
fitting 
to 
the 
car, 
a mistake 
on the 
connection 
of the 
supply 
is made. 


Open 
ground 
When 
the 
radio 
is the 
ON condition 
and 
the 
ground 
is accidentally 
opened, 
a standard 
audio 
amplifier 


will be damaged. 
On the TDA 2004 
protection 
diodes 
are included 
to avoid 
any damage. 


Inductive load 
A protection 
diode 
is provided 
to allow 
use of the TDA 2004 
with 
inductive 
loads. 


DC voltage 
The maximum 
operating 
DC voltage 
on the TDA 2004 
is l8V. 


However 
the 
device 
can 
withstand 
a DC voltage 
up to 28V 
with 
no damage. 
This 
could 
occur 
during 
winter 
if two 
batteries 
are series connected 
to crank 
the engine. 
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Thermal shut-down 
The presence of a thermal limiting circuit offers the following advantages: 
1) an overload on the output 
(even if it is permanent). 
or an excessive ambient temperature 
can be easi ly 
withstood. 


2) the heatsink can have a smaller factor of safety compared with that of a conventional 
circuit. There 


is no device damage in the case of excessive junction 
temperature: 
all that happens is that Po (and 
therefore 
Ptot) and Id are reduced. 


The maximum 
allowable power dissipation 
depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 28 shows this dissipable power as a function 
of ambient temperature 
for different 
thermal resistance. 


Fig. 28 - Maximum allow- 
able 
power 
dissipation 
vs. 


ambient temperature 


Fig. 29 - Output power and 
drain 
current 
vs. case tem- 
perature 


Fig. 30 - Output power and 
drain current 
vs. case tem- 


perature 
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The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the MULTIWATT@ package attaching 
the heatsink 
is very simple, a screw or a compression 
spring (clip) being sufficient. 
Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 
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MOUNTING 
INSTRUCTIONS 
(continued) 


Fig. 31 - Mounting examples 


LINEAR 
INTEGRATED 
CIRCUIT 
TDA2005 


20 W BRIDGE 
BOOSTER 
FOR 
CAR 
RADIO 


The TDA 
2005 
is a class 
B dual 
audio 
power 
amplifier 
in MU LTIWATT® 
package 
specifically 
designed 
for 
car 
radio 
application: 
power 
booster 
amplifiers 
are 
easily 
designed 
using 
this device 
that 
provides 
a high current 
capability 
(up to 3.5A) 
and 
that 
can drive 
very 
low impedance 
loads 
(down 
to 1.6 .Q in 
stereo 
applications) 
obtaining 
an output 
power 
of more than 
20W (bridge 
configuration). 


High output 
power: 
Po = 10 + 10W 
@ RL = 2.Q, d = 10% 
; Po = 20W@ 
RL = 4.Q, d = 10% 


High 
reliability 
of the 
chip 
and 
package 
with 
additional 
complete 
safety 
during 
operation 
thanks 
to 
protection 
against: 


output 
DC and AC short 
circuit 
to 
ground 
or across the 
load. 


overrating 
chip temperature 
(150°C) 
load dump 
voltage 
surge. 


Flexibility 
in use: 
bridge 
or stereo 
booster 
amplifiers 
with 
or without 
bootstrap 
and with 
programmable 
gain and bandwidth. 


fortuitous 
open 
ground. 
polarity 
inversion. 
very inductive 
loads. 


Space 
and 
cost 
saving: 
very 
low number 
of external 
components, 
very simple 
mounting 
system 
with 
no 
electrical 
isolation 
between 
the package 
and the heatsink 
(one screw only). 
In addition, 
the circuit 
offers 
loudspeaker 
protection 
during 
short 
circuit 
for one wire to ground. 


Vs 
Vs 
Vs 


10 (*) 


10 (*) 
Ptot 
Tstg,Tj 


Operating 
supply 
voltage 
DC supply 
voltage 
Peak supply 
voltage 
(for 50 ms) 
Output 
peak current 
(non repetitive 
t = 0.1 ms) 
Output 
peak current 
(repetitive 
f ;;;, 10Hz) 
Power 
dissipation 
at T case = 60°C 
Storage 
and junction 
temperature 


18 
28 
40 
4.5 
3.5 
30 
-40 to 150° 


ORDERING 
NUMBERS: 
TDA 2005 
M - Bridge application 
TDA 2005 
S - Stereo 
applicatiom 
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CONNECTION 
DIAGRAM 
(top view) 


o 


BOOTSTRAP 
1 


OUTPUT 
1 


+Vs 
OUTPUT 
2 


BOOTSTRAP 
2 
GND 
INPUT+(2) 


INPUT-(2) 


SVRR 


INPUT-(1) 


INPUTt(l) 
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C6 


2 
220,.uF 


C8 


4 
220~F 


TDA2005M 
I 


88lITiITrr~cS 


--c=::J-E' 
~ 
C=::::>C9 
t;;\ f7:\ f!:\ 0 
c=::::>,CO 
~~ 
~Rf:.7 
R6C} 
,m -6- G 
E)R2 
R7C} 


R4 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the bridge application 
circuit, 
Tamb= 
25'C, 
G, 
50 dB, Rth 
(heatSlnk)= 
4 C/W, unless otherwise specified). 


Parameters 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
8 
18 
V 


Vos 
Output 
offset 
voltagel 
) 
Vs=14.4V 
150 
mV 
(between 
pin 
8 and 
10) 
Vs = 13.2V 
150 
mV 


Id 
Total 
quiescent 
drain 
current 
Vs~ 
14.4V 
RL = 411 
75 
150 
mA 


Vs = 13.2V 
RL=3.212 
70 
160 
mA 


Po 
Output 
power 
d = 10% 
f" 
1 KHz 


Vs=14.4V 
RL = 4n 
18 
20 
W 
RL = 3.212 
20 
22 
W 


Vs=13.2V 
RL= 
3.2l! 
17 
19 
W 


d 
Distortion 
f = 1 KHz 
Vs=14.4V 
RL= 
411 


Po = 50 mW 
to 
15W 
1 
% 


Vs = 13.2V 
RL=3.212 
Po = 50 mW 
to 
13W 
1 
% 


Vi- 
Input 
sensitivIty 
f = 1 KHz 
Po = 2W 
RL = 412 
9 
mV 


Po = 2W 
RL=3.2n 
8 
mV 


R, 
Input 
resistance 
f = 1 KHz 
70 
Kn 


fL 
Low 
frequency 
roll 
off 
(-3 
dB) 
RL 
32n 
40 
Hz 


fH 
High 
frequency 
roll 
off 
1-3 dB) 
RL - 3.212 
20 
KHz 


G, 
Closed 
loop 
voltage 
gain 
f 
1 KHz 
50 
dB 


eN 
Total 
Input 
noise 
voltage 
Rg 
10 K121 
I 
3 
10 
IJV 


SVR 
Supply 
voltage 
rejection 
Rg- 
10 Kl! 
C4 
10 IJF 


frlDDle 
100 
Hz 
V. 'pp1e 
0.5 
V 
45 
55 
ciR 


7, 
Efficiency 
Vs 
144V 
f 
1 KHz 


Po 
20W 
R, 
= 4n 
60 
% 


Po - 22W 
Rl. 
3.212 
60 
% 


Vs - 
13.2V 
f 
- 
1 KHz 


Po - 19W 
RL 
3.212 
58 
% 


TSd 
Thermal 
shut-down 
case 
Vs-14.4V 
RL- 
411 


temperature 
f 
1 KHz 
Plot 
13W 
100 
110 
"C 


VOSH 
Output 
voltage 
with 
one 
side 
Vs 
144V 
Rl.-4n 
of 
the 
speaker 
shorted 
to ground 
Vs 
13.2V 
RL- 
3.2n 
2 
V 
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Fig. 3 - Output 
offset 
voltage 
vs. supply 
voltage 
Fig. 
4 - Distortion 
vs. out- 
put power 
(Bridge 
amplifier) 
Fig. 
5 - 
Distorsion 
vs. out- 
put 
power 
(Bridge 
amplifier) 


liS""''''' 
Gy.SCdB 
Rl" 
, 
J) 


j .lKH7 


Parameter 
Single ended 
Bridge 


Vo 
max 
Peak output voltage 
1 
(Vs-2VCEsat) 
Vs-2VCEsat 
(before 
clipping) 
"2 


10 max 
Peak 
output 
current 
1 
IVs - 2 VCE sat) 
Vs - 2 VCE sat 


(before clipping) 
"2 
RL 
RL 


1 
(Vs - 2 VCE sat)' 
(Vs - 2 VCE sat)' 
Po max 
rms 
output 
power 
"4 
2 RL 
2 RL 
(before clipping) 


where: 
V CE sat= 
output 
transistors 
saturation 
voltage 
V 5 
allowable 
supply 
voltage 
RL 
= 
load impedance. 


Voltage 
and 
current 
swings 
are twice 
for a bridge 
amplifier 
in comparison 
with 
single 
ended 
amplifier. 
In other 
words, 
with 
the 
same 
RL 
the 
bridge 
configuration 
can deliver 
an output 
power 
that 
is four 
times 
the 
output 
power 
of a single 
ended 
amplifier, 
while, 
with 
the same max output 
current 
the bridge 
configuration 
can 
deliver 
an output 
power 
that 
is twice 
the 
output 
power 
of a single 
ended 
amplifier. 
Care 
must 
be taken 
when 
selecting 
V sand 
R L in order 
to 
avoid 
an 
output 
peak 
current 
above 
the 
absolute 
maximum 
rating. 
From 
the 
expression 
for 
\0 max, assuming 
Vs = 
14.4V 
and VCEsat= 
2V, the minimum 
load that 
can be 
driven 
by TDA 2005 
in bridge 
configuration 
is: 


V s - 2 VcEsat 


10 
max 


14.4 - 4 
3.5 


10A2005 


BRIDGE 
AMPLIFIER 
DESIGN 
(continued) 


Fig. 6 - Bridge configuration. 


v~ 


G=VO=l+ 


v 
Vi 


Gv (dB) 
RI 
(n) 
R2= 
R4 (n) 
R3 (n) 


30 
1000 
130 
2000 


40 
1000 
39 
2000 


50 
1000 
12 
2000 


For sufficiently 
high gains (40 7 50 dB) It 
IS 


possible to put R2= 
R4 and R3= 2 R1• simpli- 
fing the formula in: 


G = 4 
R1 
v 
R;- 


INPUT~. 
e21 
2.2"F 


(R) 1. 
1 


0.1 
F 
..e-t 


INPUT rtf 
ell 
2.2Alf 
(l)r' 
5 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
stereo 
application 
circuit, 
Tamb= 
25°C, 
Gy= 50 dB, Rth (heatsink)= 4°CIW, unless otherwise 
spec:ified). 


Parameters 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
8 
18 
V 


Vo 
Quiescent output voltage 
Vs=14.4V 
6.6 
7.2 
7.8 
V 
Vs = 13.2V 
6 
6.6 
7.2 
V 


Id 
Total quiescent drain current 
Vs ~ 14.4V 
65 
120 
mA 
Vs=13.2V 
62 
120 
mA 


Po 
Output power (each channel) 
f = 1 KHz 
d = 10% 
Vs=14.4V 
RL= 4ft 
6 
6.5 
W 
RL=3.2ft 
7 
8 
W 
RL= 2n 
9 
10 
W 
RL= 1.6ft 
10 
11 
W 
Vs=13.2V 
RL=3.2ft 
6 
6.5 
W 
RL= 1.6ft 
9 
10 
W 
Vs=16V 
RL= 2ft 
12 
W 


d 
Distortion 
(each channel) 
f = 1 KHz 
Vs=14.4V 
RL= 4ft 
Po = 50 mW to 4W 
0.2 
1 
% 


Vs=14.4V 
RL= 2ft 
Po = 50 mW to 6W 
0.3 
1 
% 


Vs = 13.2V 
RL= 3.2ft 
Po= 50 mW to 3W 
0.2 
1 
% 


Vs = 13.2V 
RL= 1.6ft 
Po = 40 mW to 6W 
0.3 
1 
% 


CT 
Cross talk (0) 
Vs= 14.4V 
f = 1 KHz 
60 
dB 
RL=4ft 
Vo=4Vrms 
f=10KHz 
45 
dB 
Rg= 10 Kft 


Vi 
Input saturation voltage 
300 
mV 


Vi 
I nput sensitivity 
f = 1 KHz 
Po = 1W 
RL= 4ft 
6 
mV 
RL=3.2ft 
5.5 


Ri 
Input resistance 
f = 1 KHz 
non inverting input 
70 
200 
Kft 


inverting 
input 
10 
Kft 


fL 
Low frequency roll off (-3 dB) 
RL= 2ft 
50 
Hz 


fH 
High frequency roll off (-3 dBI 
RL ~ 2ft 
15 
KHz 


Gy 
Voltage gain (open loop) 
f = 1 KHz 
90 
dB 


G 
Voltage gain (closed loop) 
f = 1 KHz 
48 
50 
51 
dB 
y 


LiGy 
Closed loop gain matching 
0.5 
dB 


eN 
Total input noise voltage 
Rg= 10 Kft 
(00) 
1.5 
5 
jJ.V 
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Parameters 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


SVR 
Supply voltage rejection 
Rg= 10 KfI. f ripple~ 100 Hz 
35 
45 
dB 
C3= 10 I'F 
V ripple= 0.5V 


Tl 
Efficiency 
Vs=14.4V 
f = 1 KHz 
RL~ 4f1. 
Po= 6.5W 
70 
% 


RL= 2f1. 
Po= lOW 
60 
% 


Vs=13.2V 
f = 1 KHz 
RL= 3.2f1. 
Po= 6.5W 
70 
% 


RL= 1.6f1. 
Po= lOW 
60 
% 


Tsd 
Thermal shut-down case 
Vs = 14.4V 
RL= 2f1. 
temperature 
Ptot= 6.6W 
120 
130 
°C 


Fig. 
8 
- 
Quiescent 
output 
voltage 
vs. 
supply 
voltage 


/ 


V 
/ 
/ 
/ 


1/ 
/ 
/ 
V 
/ 


I 


Fig. 
11 
- Output 
power 
vs. 
supply 
voltage 


Fig. 9 - Quiescent 
drain 
cur- 
rent vs. supply 
voltage 
Fig. 10- 
Distortion 
vs. out- 
put power 


Fig. 
13 
frequency 
Fig. 
12 
- Output 
power 
vs. 


supply 
voltage 


I 


I- 
tdlHlt 


Gv,~dB 
d,10·'. 


Rlo 16n 


V 
/ 
/ 
/ 
/RLdZO 
,/ 


,/ 


./ 
/' 
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Fig. 
14 


frequency 


Fig. 
17 
- 
Supply 
voltage 


rejection 
vs. 
values 
of 
ca- 


pacitors 
C2 and C3 


Fig. 
20 
- 
Gain 
vs. 
input 


sensitivity 


"sol" 
j.lk 


RV2fi 


2 


Pi 
• lOW 
1 


Pi .o.sw 
--------=-.....:=:: 
~ 
4-'- +':"':;:: 


Fig. 15 - Supply 
voltage 
re- 
jection 
vs. C3 


Fig. 
18 - Supply 
voltage 
re- 
jection 
vs. 
values 
of 
ca- 
pacitors 
C2 and C3 


'''s.1104V 
I 
J-+ 
RL,4,n 


/Cz,2201JF 
Rg<)QKfi 


GV·l000llOfi 


CZ.22",f.!., 
Irlppl.,lOOHz 
/I/r 


/ 
~2'~F 
! 


/ / 
'/ 


Fig. 21 - Total 
power 
dissi- 
pation 
and 
efficiency 
vs. 
output 
power 
(bridge) 


Fig. 
16 
- 
Supply 
voltage 


rejection 
vs. frequency 


- 


""5,1I·4V 


- 
G..,..~dB 
Cl'w;)j-lF 
[ II 
II •. 
.Flg> 
0 


, 
I 
I .~ 
-+ 


I Rg,IOKft 
- 


I 
II 
Iii 
i 
I 
II! 


Fig. 
19 
- 
Gain 
vs. 
input 
sensitivity 


- 


'4,014''1 
, :lkHz 
RL·4n 


p. ·6W 


e ·0.5 


Fig. 22 - Total 
power 
dissi- 
pation 
and 
efficiency 
vs. 


output 
power 
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Fig. 23 - 
10 + 
lOW 
stereo amplifier 
with 
tone balance and 
loudnesscontrol 


~s.. 14 4V 
o 


~~ 


INP\JHRl! 


01$,uF I 


Fig. 
24 
Tone 
control 


response (circuit of fig. 23) 


IO"'n. 
lOKn 


2200,uF 


41IJF 
"n 
6Cl09 
ff 


MIKE 
M 
1.1nF 
681\n 
22uF 
on. 
on 
on 
on 
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R' I 


C2 
5.6nF 


3 


22~f 
ICll 


'.F 
5.611.0. 


~M 


1000",F 
, 
~~ 
,,!\ 
=::U .•.•F 


lOlln 
"'~h 


I 
~,n 
, 
"~o 


, 


~,n 


!i. 6 II A 
, 


IO.!\. 
, 
I 


10K.o. 
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- 
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aAlANCE 
I 
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I 
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!i.6I1A 
I 
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The recommended values of the components are those shown on Bridge application circuit 
of fig. 1. 
Different values can be used, the following 
table can help the designer. 


Component 
Recommended 
Purpose 
Larger than 
Smaller than 
Value 


R, 
120 KI1 
Optimization 
of the 
Smaller Po max 
Smaller 
Po max 


output symmetry 


R2 
1 KI1 
Closed loop gain 
setting (seeBRIDGE 
R3 
2 KI1 
AMPLIFIER 
DESIGN) 
R4 and Rs 
1211 


R6 and R7 
1 11 
Frequency stability 
Danger of oscillation 
at high frequency 
with inductive loads 


C, 
2.21lF 
Input DC 
Higher turn on pop. 
decoupling 
Higher low frequency 
High turn on delay 
cutoff. 
C2 
2.21lF 
Optimization 
of 
Increase of noise. 


turn on pop and 
turn on delay. 


C3 
0.11lF 
Supply by pass 
Danger of oscillation. 


C4 
10llF 
Ripple Rejection 
Increaseof SVR. 
Degradation of SVR. 
Increaseof the 
switch-on 
time. 


Cs and C7 
100llF 
Bootstrapping 
Increaseof distortion 
at low frequency. 


C6 and Cs 
220llF 
Feedback input 
Higher low frequency 
DC decoupling, low 
cutoff. 


frequency cutoff. 


C9 and C, 0 
0.11lF 
Frequency stability_ 
Danger of oscillation. 
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BUILT-IN 
PROTECTION 
SYSTEMS 
Load dump voltage surge 
The 
TDA 
2005 
has a circuit 
which 
enables 
it to withstand 
a voltage 
pulse 
train, 
on pin 9, of the 
type 
shown 
in fig. 29. 


If the 
supply 
voltage 
peaks 
to more 
than 
40V, 
then 
an 
LC filter 
must 
be inserted 
between 
the 
supply 
and pin 9, in order 
to assure 
that 
the pulses 
at pin 9 will be held within 
the 
limits 
shown. 
A suggested 
LC network 
is shown 
in fig. 28. 
With 
this 
network, 
a train 
of pulses 
with 
amplitude 
up to 
l20V 
and 
width 
of 2 ms can 
be 
applied 
at point 
A. This 
type 
of protection 
is ON when 
the 
supply 
voltage 
(pulse 
or DC) exceeds 
l8V. 
For this reason 
the maximum 
operating 
supply 
voltage 
is l8V. 


A 
L=2mH 
FROM 
~TOPI.'9 
SUPPLY 
LINE 
CI 


3000~F 


5_1901 
16V 


Short circuit (AC and DC conditions) 
The 
TDA 
2005 
can withstand 
a permanent 
short-circuit 
on the 
output 
for a supply 
voltage 
up to 16V. 


Polarity 
inversion 
High 
current 
(up 
to 
lOA) 
can 
be handled 
by the 
device 
with 
no damage 
for a longer 
period 
than 
the 
blow-out 
time 
of a quick 
2A fuse 
(normally 
connected 
in series with 
the supply). 
This feature 
is added 
to 
avoid 
destruction, 
if during 
fitting 
to 
the 
car, 
a mistake 
on the 
connection 
of the supply 
is made. 


Open 
ground 
When 
the 
radio 
is in the ON condition 
and the ground 
is accidentally 
opened, 
a standard 
audio 
amplifier 
will be damaged. 
On the TDA 2005 
protection 
diodes 
are included 
to avoid any damage. 


Inductive load 
A protection 
diode 
is provided 
to allow 
use of the TDA 2005 
with 
inductive 
loads. 


DC voltage 
The maximum 
operating 
DC voltage 
for the TDA 
2005 
is l8V. 


However 
the 
device 
can 
withstand 
a DC voltage 
up to 28V 
with 
no damage. 
This could 
occur 
during 
winter 
if two batteries 
are series connected 
to crank 
the engine. 


Thermal shut-down 
The presence 
of a thermal 
limiting 
circuit 
offers 
the following 
advantages: 


1) an overload 
on the output 
(even if it is permanent). 
or an excessive 
ambient 
temperature 
can be easily 
withstood. 


2) the 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 
is no device 
damage 
in the 
case 
of excessive 
junction 
temperature: 
all that 
happens 
is that 
Po (and 
therefore 
Plot) and 
Id are reduced. 


The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size of the 
external 
heatsink 
(i.e. its ther- 
mal 
resistance); 
fig. 30 
shows 
this 
dissipable 
power 
as a function 
of ambient 
temperature 
for different 


thermal 
resistance. 
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Fig. 31 - Output 
power 
and 
drain 
current 
VS. 
case 
tem- 
perature 


Fig. 
30 
- 
Maximum 
allow- 


able 
power 
dissipation 
vs. 
ambient 
temperature 


p,,,~ 
..- 
·.t········ 
(W) 
• -r--- 
- 
• t 
..... 
::J 
~. +-- . ,-. 
- _._- 
- . 


32 
.............---+-----------;------+- 
~ 
---.-~ 
.• 
+- 


Fig. 32 - Output 
power 
and 
drain 
current 
VS. 
case 
tem- 
perature 


Loudspeaker protection 
The circuit 
offers 
loudspeaker 
protection 
during 
short 
circuit 
for one wire to ground. 


The power 
dissipated 
in the circuit 
must 
be removed 
by adding 
an external 
heatsink. 


Thanks 
to the 
MU LTIWATT@ 
package 
attaching 
the 
heatsink 
is very simple, 
a screw or a compression 
spring 
(clip) 
being 
sufficient. 
Between 
the heatsink 
and the package 
it is better 
to insert 
a layer of silicon 
grease, 
to 
optimize 
the 
thermal 
contact; 
no 
electrical 
isolation 
is needed 
between 
the 
two 
surfaces. 


LINEAR 
INTEGRATED 
CIRCUIT 
TOA 2006 


10W-AUDIO 
POWER 
AMPLIFIER 
WITH 
SHORT 
CIRCUIT 
PROTECTION 
AND 
THERMAL 
SHUT-DOWN 


The 
TDA 
2006 
is a monolithic 
integrated 
circuit 
in Pentawatt® 
package, 
intended 
for 
use as a low 
frequency 
class" 
AB" 
amplifier. 
At 
± 12V, 
d = 10% typically 
it provides 
12W output 
power 
on a 411. 


load 
and 
8W on 
a 811.. The 
TDA 
2006 
provides 
high 
output 
current 
and 
has very 
low harmonic 
and 
cross-over 
distortion. 
Further 
the 
device 
incorporates 
an original 
(and patented) 
short 
circuit 
protection 


system 
comprising 
an 
arrangement 
for 
automatically 
limiting 
the 
dissipated 
power 
so as to keep 
the 
working 
point 
of 
the 
output 
transistors 
within 
their 
safe 
operating 
area. 
A 
conventional 
thermal 
shutdown 
system 
is also included. 
The TDA 
2006 
is pin to pin equivalent 
to the TDA 2030. 


Vs 
Vi 
Vi 


10 
Ptot 
Tstg, 
Tj 


Supply 
voltage 


Input 
voltage 
Differential 
input 
voltage 
Output 
peak 
current 
(internally 
limited) 
Power 
dissipation 
at T case= 90°C 
Storage 
and junction 
temperature 


± 15 
Vs 
± 12 
3 
20 
-40 
to 150 


~ 
I 
10.~' 
I 
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.Vs 


OUTPUT 


-Vs 


INVERTING 
INPUT 


NON 
INVERTING 
INPUT 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit; 
Vs= 
±12V, 
Tamb= 
25°C 
unless 


otherwise 
specified) 


Parameters 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
± 6 
± 15 
V 


Id 
Quiescent 
drain 
current 
40 
80 
mA 


Ib 
I nput 
bias current 
0.2 
3 
!-LA 
Vs=±15V 


VOS 
Input offset voltage 
±8 
mV 


10S 
Input 
offset 
current 
± 80 
nA 


Vos 
Output offset voltage 
± 10 
± 100 
mV 


Po 
Output power 
d = 10% 
f = 1 KHz 
RL= 4n 
12 
W 
RL~ 8n 
6 
8 
W 
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Parameter 
Test 
cond itions 
Min. 
Typ. 
Max. 
Units 


d 
Distortion 
Po~ 0.1 to 8W 
RL = 4.11 
0.2 
% 
f = 1 KHz 


Po= 0.1 to 4W 
RL = 8.11 
0.1 
1 
% 


f = 1 KHz 


Vi 
Input sensitivity 
f = 1 KHz 


Po= 10W 
RL=4.11 
200 
mV 


P = 
6W 
RL = 8.11 
220 
mV 
0 


B 
Frequency response (-3 dB) 
10 to 140,000 
Hz 
Po= 8W 
RL = 4.11 


Ri 
Input resistance (pin 1) 
0.5 
5 
M.I1 


Gy 
Voltage gain (open loopl 
75 
dB 


f = 1 KHz 
Gy 
Voltage gain (closed loop) 
29.5 
30 
30.5 
dB 


eN 
Input noise voltage 
B (-3 dB) = 22Hz to 22kHz 
3 
10 
/lV 


iN 
Input noise current 
RL ~ 4.11 


80 
200 
pA 


SVR 
Supply voltage rejection 
RL= 4.11 
Rg= 22 K.I1 
40 
50 
dB 
f ripple= 100Hz 
(0) 


Id 
Drain current 
Po=12W 
RL = 4.11 
850 
mA 
P = 
8W 
RL = 8.11 
500 
mA 
0 


Tsd 
Thermal shut down case 
Ptot= 9W 
110 
°C 
temperature 
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Fig. 
1 - Output 
power 
vs. 
supply 
voltage 


d ~'O·I. 
I :11lHz 


Rl:4.nV 
V 


/1 
/ 
/ 
Rl:/, 
,/ 


,/ 
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Fig. 
4 
- 
Distortion 
vs. fre- 


quency 


Fig. 
7 - Frequency 
response 
with 
different 
values 
of the 
rolloff 
capacitor 
Cs 
(see 


fig. 13) 


Fig. 2 - Distortion 
vs. output 
power 


Fig.5 
-Sensitivity 
vs. output 
power 


Fig. 
8 
- 
Value 
of 
Cs 
vs. 


voltage 
gain 
for 
different 
bandwidths 
(see fig. 13) 
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Fig. 6 - Sensitivity 
vs. output 


power 
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Fig. 
9 
- 
Quiescent 
current 
vs. supply 
vo Itage 
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Fig. 
10 - 
Supply 
voltage 


rejection 
vs. 
voltage 
gain 


Fig. 13 - Application 
circuit 
with 
split power supply 


Fig. 11 
- Power dissipation 
and 
efficiency 
vs. output 


power 
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Fig. 
12 - Maximum 
power 
dissipation 
vs. supply volt- 
age(sine wave operation) 


Fig. 14 - P.C.board and component 
layout for the circuit of fig. 13 
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Fig. 15 - Application circuit with single 
power supply 


2200!'F 
~~ 


150kO r 


R 


lN4001 


22!,F 


Fig. 16 - P.C. board and component 
layout for the circuit of fig. 15 
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Printed circuit board 


The 
layout 
shown 
in fig. 
14 should 
be adopted 
by the designers. 
If different 
layout 
are used, the ground 
points 
of input 
1 and 
input 
2 must 
be well decoupled 
from 
ground 
of the output 
on which 
a rather 
high 
current 
flows. 


Assembly 
suggestion 


No 
electrical 
isolation 
is needed 
between 
the 
package 
and 
the 
heat-sink 
with 
single 
supply 
voltage 
configuration. 


Application 
suggestion 


The 
recommended 
values 
of the 
components 
are 
the 
ones 
shown 
on 
application 
circuits 
of fig. 
13. 


Different 
values 
can be used. The following 
table 
can help the designers. 


Component 
Recommended 
Purpose 
Larger than 
Smaller than 
value 
recommended value 
recommended value 


R1 
22 Kn 
Closed loop gain 
Increaseof gain 
Decreaseof gain 
setting 


R2 
680n 
Closed loop gain 
Decrease of gain 
Increasepf gain 
setting 


R3 
22 Kn 
Non inverting input 
Increase of input 
Decreaseof input 
biasing 
impedance 
impedance 


R4 
1n 
Frequency stability 
Danger of oscillation at 
high frequencies with 
inductive loads 


Rs 
3 R2 
Upper frequency 
Poor high frequencies 
Danger of oscillation 
cutoff 
attenuation 


C1 
2.2 }.tF 
Input DC decoupling 
Increaseof low 
freqencies cut off 


C2 
22 }.tF 
Inverting input DC. 
Increaseof low 
decoupling 
frequencies cutoff 


C3C4 
0.1 }.tF 
Supply voltage by pass 
Danger of oscillation 


CSC6 
100}.tF 
Supply voltage by pass 
Danger of oscillation 


C7 
0.22 }.tF 
Frequency stability 
Danger of oscillation 


Ca 
1 
Upper frequency 
Lower bandwidth 
Larger bandwidth 
21TBR1 
cutoff 


0102 
1N4001 
To protect the device against output voltage spikes. 
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The 
TDA 
2006 
has an original 
circuit 
which 
limits 
the 
current 
of the output 
transistors. 
Fig. 18 shows 
that 
the 
maximum 
output 
current 
is a function 
of the 
collector 
emitter 
voltage; 
hence 
the 
output 
transistors 
work 
within 
their 
safe operating 
area (fig. 19). 


This 
function 
can 
therefore 
be considered 
as being 
peak 
power 
limiting 
rather 
than 
simple 
current 
limiting. 
The 
TDA 
2006 
is thus 
protected 
against 
temporary 
overloads 
or short 
circuit. 
Should 
the short 
circuit 
exist 
for 
a longer 
time, 
the 
thermal 
shutdown 
protection 
keeps 
the junction 
temperature 
within 
safe limits. 


Fig. 
18 - Maximum 
output 
current 
liS. 
voltage 
V Ce(sat) 
across 
each output 
transistor 


Fig. 
19 
- 
Safe 
operating 
area 
and 
collector 
characteristics 
of the 
pro- 
tected 
power 
transistor 


\ 
\"-Ptot 
:k 
\ 
\ 


I 
Ie 
max 
\ 


The 
presence 
of a thermal 
limiting 
circuit 
offers 
the 
following 
advantages: 


1) An overload 
on the 
output 
(even 
if it is permanent). 
or all- above 
limit 
ambient 
temperature 
can 
be 
easily 
supported 
since the Tj cannot 
be higher 
than 
150°C. 


2) The 
heatsink 
can 
have a smaller 
factor 
of safety 
compared 
with 
that 
of a conventional 
circuit. 
There 
is no possibility 
of device 
damage 
due to high junction 
temperature. 


If for 
any 
reason, 
the 
junction 
temperature 
increases 
up to 
150°C, 
the 
thermal 
shutdown 
simply 
reduces 
the power 
dissipation 
and the current 
consumption. 
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Fig. 20 - Output 
power 
and 
drain 
current 
VS. 
case 
tem- 
perature 
(R L= 4n) 


Fig. 21 - Output 
power 
and 
drain 
current 
VS. 
case 
tem- 
perature 
(R L= 8n ) 
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The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size 
of the 
external 
heatsink 
(i.e. 
its 
thermal 
resistance); 
fig. 
22 
shows 
this 
dissipable 
power 
as a function 
of ambient 
temperature 
for 
dif- 
ferent 
thermal 
resistances. 


Fig. 
22 
- 
Maximum 
allow- 
able 
power 
dissipation 
VS. 
ambient 
temperature 


Dimension 
suggestion 


The 
following 
table 
shows 
the 
lenght 
of the heatsink 
in fig. 23 for several 
values of P101 and R1h. 


P101 (W) 
12 
8 
6 


Lenghlof 
60 
40 
30 
heatsink 
(mml 


R1h of heatsink 
4.2 
6.2 
8.3 
(oCNVI 


LINEAR 
INTEGRATED 
CIRCUIT 
IDA 2008 


12W 
AUDIO 
AMPLIFIER 
(Vs = 22V, 
RL = 4[2) 


The TDA 2008 is a monolithic class B audio power amplifier in Pentawatt ® package designed for driving 
low impedance loads (down to 3.2n). 
The device provides a high output current capability 
(up to 3Al, 


very low harmonic and crossover distortion. 
In addition, the device offers the following features: 


very low number of external components 
assembly ease,due to Pentawatt ® power packagewith no electrical insulation requirement 
spaceand cost saving 
high reliability 
flexibility 
in use 
thermal protection 


Vs 
10 


10 
Ptot 
Tstg, Tj 


DC supply voltage 
Output peak current (repetitive) 
Output peak current (non repetitive) 
Power dissipation at Tcase= 90°C 
Storage and junction temperature 


28 
3 
4 
20 
-40 to 150 
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I=ii: 
SUPPLY 
VOLTAGE 
OUTPUT 


GROUND 


INVERTING 
INPUT 


NON 
INVERTING 
INPUT 


z31· 


yOI 


) 


I::'",QI6 
L3 
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I,oonF 


C1 
Vio-l 
1 


lO)JF 
4 
3V 
2 
W' 


C4 
1000 )JF 


100nF 
'20~T 


R3 
In 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuits,V, 
= 22V, 
Tamb= 
25°C 
unless 


otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V, 
Supply voltage 
10 
2S 
V 


Vo 
Quiescent 
output 
voltage 
10.5 
V 
(pin 4) 


Id 
Quiescent drain current 
65 
115 
mA 
(pin 5) 


Po 
Output 
power 
d = 10% 
RL= sn 
S 
W 


f = 1 KHz 
RL= 4n 
10 
12 
W 


Vi (RMS) 
Input 
saturation 
voltage 
300 
mV 


Vi 
Input sensitivity 
f = 1 KHz 
Po = 0.5W 
RL = sn 
20 
mV 
Po = SW 
RL= sn 
SO 
mV 
Po = 0.5W 
RL= 4n 
14 
mV 
Po ~ 12W 
R L= 4n 
70 
mV 


B 
Frequency response 
Po~ 1W 
40 to 15000 
Hz 
(-3 dB) 
RL~ 4n 


d 
Distortion 
f = 1 KHz 
Po=0.05t04W 
RL~sn 
0.15 
% 


Po = 0.05 to 6W RL= 4n 
0.15 
% 


Ri 
Input resistance (pin 1) 
f = 1 KHz 
70 
150 
Kn 


Gv 
Voltage gain (open loop) 
SO 
dB 


f = 1 KHz 
RL= sn 


Gv 
Voltage gain (closed loop) 
39.5 
40 
40.5 
dB 


eN 
Input noise voltage 
1 
5 
IlV 
BW= 22Hz to 22 KHz 


iN 
Input noise current 
60 
200 
pA 


SVR 
Supply voltage rejection 
V ripPle~ 0.5V 
f= 
100Hz 
30 
36 
dB 
Rg = 10Kn 
RL=4n 
f= 
15 KHz 
36 
dB 
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IJF 


Fig. 3 - 25W bridge configuration 
application 
circuit 
(0) 


Fig. 2 - P.C. board and component layout for 
the circuit of fig. 1 (1: 1 scale) 


Fig. 4 - P.C. board and component layout for 
the circuit of fig. 3 (1:1 5caiAl 
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LINEAR 
INTEGRATED 
CIRCUIT 
TOA 2010 


12W Hi-Fi 
AUDIO 
POWER AMPLIFIER 
WITH 
SHORT CIRCUIT 
PROTECTION 
AND 
THERMAL 
SHUT-DOWN 


The 
TDA 
2010 
is a monolithic 
integrated 
operational 
amplifier 
in a 14-lead 
quad 
in-line 
plastic 
pa· 


ckage, 
inteded 
for 
use 
as a low frequency 
class 
B power 
amplifier. 
Typically 
it provides 
12W output 
power 
(d = 1% I at ± 14V/4n; 
at Vs = ± 14V the 
guaranteed 
output 
power 
is lOW on a 4n 
load 
and 
8W on a 8n 
load 
(DIN 
norm 
45500). 
The 
TDA 
2010 
provides 
high output 
current 
(up to 3.5 Al and 
has 
very 
low 
harmonic 
and 
cross-over 
distortion. 
Further, 
the 
device 
incorporates 
an 
original 
(and 
patented) 
short 
circuit 
protection 
system, 
comprising 
an 
arrangement 
for 
automatically 
limiting 
the 
dissipated 
power 
so as to 
keep 
to 
working 
point 
of the 
output 
transistors 
within 
their 
safe operating 
area. 
A conventional 
thermal 
shut-down 
system 
is also included. 
The TDA 
2010 
is pin to pin equivalent 
to TDA 2020. 


Vs 
Vi 
Vi 
10 
Ptot 
Tstg, Tj 


Supply 
voltage 
Input 
voltage 
Differential 
input 
voltage 
Output 
peak current 
(internally 
limited) 
Power 
dissipation 
at T case .;;; 95°C 
Storage 
and junction 
temperature 


± 18 
Vs 
± 15 
3.5 
18 
-40 to 150 


ORDERING 
NUMERS: 
TDA 2010 
B82 
dual 
in-line 
plastic 
package 
TDA 
2010 
B92 
quad 
in-line 
plastic 
package 
TDA 2010 
BC2 
dual 
in-line 
plastic 
package 
with 
spacer 
TDA 2010 
BD2 
quad 
in-line 
plastic 
package 
with 
spacer 
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CONNECTION 
AND SCHEMATIC 
DIAGRAMS 
(top view) 


The 
copper 
slug is electrically 
connected 
to pin 5 (substrate) 


1 I 


4'7iJF~C3 
4.7iJF9'C2 


R5 
R3,1., 
Rl 


13kO 
100' I 
3.3 
50'0 
kOr 
kO 


Lb-- 
I 
I 
i 
L 
l00kO 


~50'0 
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ELECTRICAL 
CHARACTERISTICS 


(Refer to the test circuit, 
Vs = ± 14V, T amb = 25°C unless otherwise 
specified) 


Parameter 
Test cond itions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
± 5 
± 18 
V 


Id 
Quiescent 
drain 
current 
Vs = ± 18V 
45 
mA 


Ib 
Input bias current 
0.15 
JjA 


Vos 
Input offset voltage 
5 
mV 
Vs = ± 17V 
los 
Input offset current 
0.05 
JjA 


Vos 
Output offset voltage 
10 
100 
mV 


Po 
Output power 
d 
=1% 


Tcase,,; 7rY'C 
f 
= 40 to 15 000 Hz 
. 
RL = 4 n 
10 
12 
W 
RL = 8 n 
8 
9 
W 


d 
= 10% 


T case"; 7rt'C 
f 
= 1 kHz 


RL = 4 n 
15 
W 
RL = 8 n 
12 
W 


Vi 
Input sensitivity 
f 
= 1 kHz 


Po ~ 10W 
RL = 4 n 
220 
mV 
P 
= 
8W 
RL = 8 n 
250 
mV 
0 


B 
Frequency response(-3dB) 
RL = 4 n 
C4=68pF 
10 to 160000 
Hz 


d 
Distortion 
Po=100mWt010W 
RL = 4 n 
Tcase,,; 7rt' C 


f 
= 1 kHz 
0.1 
% 


f 
~ 40 to 15 000 Hz 
0.3 
1 
% 


Po = 100 mW to 8 W 
RL = 8 n 
T case,,; 7rY'C 


f 
= 1 kHz 
0.1 
% 


f 
~ 40 to 15000 
Hz 
0.2 
1 
% 


R; 
Input resistance (pin 7) 
5 
Mn 


Gv 
Voltage gain (open loop) 
100 
dB 
RL = 4 n 
f 
~ 1 kHz 
Gv 
Voltage gain (closed loop) 
29.5 
30 
30.5 
dB 


eN 
Input 
noise voltage 
RL = 4 n 
4 
JjV 


iN 
I nput 
noise current 
B (-3 dB) = 22 Hz to 22 KHz 
0.1 
nA 
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Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


SVR 
Supply 
voltage 
rejection 
R,_ = 4 n 


fr;pple = 100 Hz 
50 
dB 


Id 
Drain current 
Po = 12 W 
RL = 4 n 
0.8 
A 
P 
= 
9W 
RL = 8 n 
0.5 
A 
0 


Tsd 
Thermal 
shut-down 
junction temperature 
145 
°C 


Tsd 
(*) Thermal 
shut-down 
case 
temperature 
Plot = 10.5 W 
120 
°C 


Fig. 1 - Output 
power vs. 


supply voltage 
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Fig. 4 - Distortion vs. output 
power (RL = 4 n) 


I 
II 
~ 
~ 


I 


Vs,,:14V 


I 


At" 4n 
+-- 


"".JOo, 
+-- 
~ 
~ 
tr- 


HZ 
f-- 


40Hz 
t 
r 
1kHz l' 
L-.. 


Fig.2 - Output power vs. 
supply voltage 
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Fig. 3 - Distortion vs. output 
power 


Fig. 5 - Distortion vs. output 
power (R L = 8 n ) 
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Fig. 6 - Distortion 
vs. fre- 
quency 
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Fig. 10 - Open loop frequen- 
cy 
response with 
different 
values of the rolloff 
capaci- 


tor C4 
. 


Fig. 
13 
- 
Supply 
voltage 
rejection vs. voltage gain 


Fig.8 - Sensitivity vs.output 
power (RL=4n) 
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Fig. 11 - Value of C4 vs. 
voltage 
gain 
for 
different 
bandwidths 


Fig. 14 - Power dissipation 
and 
efficiency 
vs. output 
power 
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Fig. 9 - Sensitivity vs.output 
power (RL = 8 n) 
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Fig. 12 - Quiescent current 
vs. supply voltage 


Fig. 15 - Maximum 
power 


dissipation vs. supply voltage 
(sine wave operation) 
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Fig. 19 - Bridge amplifier 
configuration 
with 
split power supply (Po = 24W, Vs = ±·14V, 
RL = 8 n, 


d';;; 1%) 
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SHORT CI RCUIT PROTECTION 
The most important 
innovation 
in the TDA 2010 is an original circuit which limits the current of the 
output 
transistors. 
Fig.20 
shows that the maximum 
output 
current 
is a function 
of the collector- 
emitter voltage; hence the output transistors work within their safe operating area (fig. 21). This function 
can therefore 
be considered as being peak power limiting rather than simple current limiting. The TDA 
2010 is thus protected 
against temporary 
overloads or short circuit. Should the short circuit exists for 


a longer time, the thermal 
shut-down 
comes into action and keeps the junction 
temperature 
within 
safe limits. 


F.g. 20 - Maximum output 
current 
vs. voltave 
(VCE) 
across each output transistor 


Fig. 21 - Safe operating 
area and 
collector 
characteristics 
of the pro- 
tected power transistor. 


THERMAL SHUT-DOWN 
The prese,:",ceof a thermal limiting circuit offers the following advantages: 
1) an overload on the output 
(even if it is permanent). 
or an above-limit 
ambient temperature 
can be 
easily supported 
since the Tj cannot be higher than 150°C 
2) the heatsink can have a smaller factor of safety compared with that of a conventional 
circuit. There 
is no possibility of device damage due to high junction temperature. 
If, for any reason, the junction 
temperature 
increases up to 150°C, the thermal shut-down 
simply redu- 
ces the power dissipation and the current consumption. 


Fig. 22 - Output power and 
drain current vs. case tempe- 
rature (RL = 8 n) 


Fig. 23 - Output power and 
drain current vs. case tempe- 
rature (RL = 4 n) 
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The 
power 
dissipated 
in the 
circuit 
must 
be removed 
by 
adding 
an 
external 
heatsink 
as shown 
in figs. 24 
and 25. 
The 
system 
for attaching 
the 
heatsink 
is very simple: 
it 
uses 
a plastic 
spacer 
which 
is supplied 
with 
the 
device. 
Thermal 
contact 
between 
the 
copper 
slug 
(of 
the 
package) 
and the 
heatsink 
is guaranteed 
by the 
pres- 
sure 
wh ich 
the 
screws 
exert 
via the 
spacer 
and 
the 
printed 
circuit 
board; 
this 
is due 
to 
the 
particular 
shape 
of the spacer. 


Note: The most negative supply voltage is connected to the 
copper slug, hence to the heatsink (becauseit is in 
contact with the slug). 


The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size of the external 
heatsink 
(i.e. its thermal 
resistance); 
fig. 26 
shows 
this 
dissipable 
power 
as a 
function 
of ambient 
temperature 
for different 
thermal 
resistance. 


For a more detailed 
description 
of the TDA 2010 
and 
related 
performance 
refer 
to SGS-ATES 
Application 
Note 
n. 130. 


HEATSINK 


R1h: 
2108'C/W 


----- 
CONTACT 


(SilICONE 
GREASE) 


Rlh:~·5·C;W 


Fig. 
26 
- Maximum 
allowa- 


ble 
power 
dissipation 
vs. 
ambient 
temperature 


lOA 2020 
LINEAR 
INTEGRATED 
CIRCUIT 


20W Hi-Fi 
AUDIO 
POWER 
AMPLIFIER 
WITH 
SHORT 
CIRCUIT 
PROTECTION 
AND 
THERMAL 
SHUT-DOWN 


The 
TDA 
2020 
is a monolithic 
integrated 
operational 
amplifier 
in a 
14-lead 
quad 
in-line 
plastic 
pa- 
ckage, 
intended 
for use 
as a low frequency 
class 
B power 
amplifier. 
Typically 
it provides 
20W output 
power 
(d = 1%) 
at ± 18V/4n.; 
the 
guaranteed 
output 
power 
at ± 17V/4n. 
is 15W (DIN 
norm 
45500). 


The 
TDA 
2020 
provides 
"high output 
current 
(up to 3.5 
A) and 
has very 
low harmonic 
and 
cross-over 
distortion. 
Further, 
the 
device 
incorporates 
an original 
(and 
patented) 
short 
circuit 
protection 
system, 


comprising 
an 
arrangement 
for 
automatically 
limiting 
the 
dissipated 
power 
so as to keep 
to working 
point 
of 
the 
output 
transistors 
within 
their 
safe 
operating 
area. 
A conventional 
thermal 
shut-down 
system 
is also included. 


Vs 
Vi 
Vi 
10 
Ptot 
Tstg,Tj 


Supply 
voltage 
Input 
voltage 
Differential 
input 
voltage 
Output 
peak current 
(internally 
limited) 
Power 
dissipation 
at T case ,;;;;75°C 
Storage 
and junction 
temperature 


± 22 
Vs 
± 15 
3.5 
25 
-40 to 150 


ORDERING 
NUMBERS: 
TDA 2020 
A82 
dual 
in-line 
plastic 
package 
TDA 2020 
A92 
quad 
in-line 
plastic 
package 
TDA 2020 
AC2 
dual 
in-line 
plastic 
package 
with 
spacer 
TDA 2020 
AD2 
quad 
in-line 
plastic 
package 
with 
spacer 


7.1tr1111 
d:JJ 


~ 
:, 
~ 
025 
I 
I 
- 
'# 


508 
04S 
1016 
15.24 
~ 
~ 
_.f!j~~:~~ 
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CONNECTION AND SCHEMATIC DIAGRAMS 
(top view) 


The copper slug is electrically 
connected to pin 5 (substrate) 


R5 
R3 
13kO 
100 
kO 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the test 
circuit, 
Vs = ± 17V, Tamb = 25°C 
unless otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
± 5 
± 22 
V 


Id 
Qu iescent drain current 
Vs ~ ± 22 V 
60 
mA 


Ib 
I nput 
bias current 
0.15 
IlA 


Vas 
Input offset voltage 
5 
mV 


los 
Input offset current 
0.05 
IlA 


Vas 
Output ollset voltage 
10 
100 
mV 


Po 
Output power 
d 
= 
1% 
Gv = 30 dB 
T case ~ ,DOC 
I 
= 40 to 15 000 Hz 


V 
= ± 17V 
RL= 
4n 
15 
18.5 
w 
s 


V 
= ± 18V 
RL= 
4n 
20 
W 
s 


V 
= ± 18V 
RL= 
8n 
16.5 
W 
s 


d 
= 10% 
G = 30dB 
v 
Tease<;; 7Cf'C 
I 
= 
1 kHz 


V 
= ± 17V 
RL = 4n 
24 
W 
s 


V 
= ± 18V 
RL = 8n 
20 
W 
s 


Vi 
I nput sensitivity 
G = 30dB 
I 
= 
1 kHz 
v 
P 
= 
15W 
0 
V 
= ± 17V 
RL= 
4n 
260 
mV 
s 


V 
= ±18V 
RL = 8n 
380 
mV 
s 


B 
Frequency response (-3 dB) 
RL= 
4n 
C4 = 68 pF 
10 to 160000 
Hz 


d 
Distortion 
P 
= 
150mW to 15W 
0 


RL~ 
4 n 
Gv ~ 30 dB 


Tease<;; 7Cf'C 


I 
= 
1 kHz 
0.2 
% 


I 
~ 40 to 15 000 Hz 
0.3 
1 
% 


P 
= 
150 mW to 15W 
0 


V 
= ±18V 
RL = 8 n 
s 
G 
~ 30dB 
Tease<;; 70°C 
v 
I 
= 
1 kHz 
0.1 
% 


I 
= 40 to 15 000 Hz 
0.25 
% 


Ri 
Input resistance (pin 7) 
5 
Mn 


Gv 
Voltage gain (open loop) 
100 
dB 
RL= 
4n 
I 
= 1 kHz 
Gv 
Voltage gain (.closedlooP) 
29.5 
30 
30.5 
dB 
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Parameter 
Test conditions 
Min. 
TVp. 
Max. 
Unit 


eN 
Input noise voltage 
RL= 
4n 
4 
iJV 


iN 
Input noise current 
B(-3 dB) = 10 to 20,000 Hz 
0.1 
nA 


SVR 
SupplV voltage rejection 
RL = 4 n 
G 
= 30 dB 
v 
friPPIe 
= 
100 Hz 
50 
dB 


Id 
Drain 
current 
P 
= 18.5W 
RL = 4n 
1 
A 
0 


P 
~ 16.5W 
V 
= 
± 18V 
0 
s 
RL= 
8n 
0.7 
A 


Tsd 
Thermal shut-down 
junction temperature 
140 
°C 


Tsd 
Thermal shut-down case 
temperature 
Ptot = 
15.5W 
105 
°C 


Fig. 
1 - Output 
power 
vs. 
Fig. 
2 - Output 
power 
vs. 
Fig. 3 - Distortion 
vs. output 
supply 
voltage 
supply 
voltage 
power 
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Fig. 4 - Distortion vs.output 
power (R L = 4 .n ) 


Vsul1V 
Rl~.ldl 


Gy·30d8 


Fig. 7 - 
Output 
power vs. 


frequency 


Fig. 10 - Open loop frequen- 
cy 
response with 
different 
values of the rolloff 
capaci- 
tor C4 
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Fig.5 - Distortion vs.output 
power (RL = 8 .n) 


Fig. 8 - Sensitivity vs.output 
power (R L = 4 .n ) 
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Fig. 6 - 
Distortion 
vs. fre- 
quency 


Fig. 9 - Sensitivity vs.output 
power (RL = 8 .n) 


Fig. 12 - Quiescent current 


. vs. supply voltage 


Fig. 11 - 
Value of 
C4 vs. 


voltage 
gain 
for 
different 
bandwidths 
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Fig. 
13 
- 
Supply 
voltage 
rejection vs. voltage gain 
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Fig. 14 - Power dissipation 
and 
efficiency 
vs. output 
power 
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Fig. 15 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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The most important 
innovation 
in the TDA 2020 is an original circuit which limits the current of the 
output transistors. 
Fig. 21 shows that the maximum output current is a function of the collector-emitter 
voltage; hence the output 
transistors 
work within their safe operating area (fig. 22). This function 
can 
therefore 
be considered 
as being peak power limiting rather than simple current limiting. The TDA 2020 
is thus protected 
against temporary 
overloads or short circuit. Should the short circuit exists for a longer 
time, the thermal shut-down 
comes into action and keeps the junction 
temperature 
within safe limits. 


Fig. 21 - Maximum output 
current 
vs. voltage 
IV CE) 
across each output transistor 


Fig. 22 - Safe operating area and collector 
characteristics 
of 
the 
protected 
power 
transistor 
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The presence of a thermal limiting circuit offers the following advantages: 
1) an overload on the output 
(even if it is permanent), 
or an above-limit 
ambient temperature 
can be 
easily supported 
since the Tj cannot be higher than 150 


0 C 
2) the heatsink can have a smaller factor of safety compared with that of a conventional 
circuit. There 
is no possibility of device damage due to high junction temperature. 
If, for any reason, the junction 
temperature 
increases up to 150 


0 C, the thermal shut-down 
simply redu- 
ces the power dissipation and the current consumption. 
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Fig. 23 - Output power and 
drain current vs. case tempe- 
rature (R L = 8 n) 


The power 
dissipated 
in the circuit 
must be removed by 
adding an external heatsink as shown in figs. 25 and 26. 
The system 
for attaching 
the 
heatsink 
is very simple: 
it 
uses a plastic spacer which is supplied with the device. 
Thermal contact 
between the copper slug (of the package) 
and the heatsink 
is guaranteed 
by the pressure which the 
screws exert via the spacer and the printed circuit board; 
this is due to the particular shape of the spacer. 
Note: 
the most negative supply voltage is connected 
to 
the 
copper 
slug, hence to the heatsink 
(because 
it is in contact with the slug). 


Fig. 24 - Output power and 
drain current vs. case tempe- 
rature (RL = 4 n) 
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The maximum 
allowable power dissipation 
depends 
upon 
the size of the external heatsink (i.e. its thermal resistance); 
fig. 27 shows this dissipable power as a function of ambient 
temperature 
for different thermal resistance. 


Fig. 27 - Maximum allowa· 
ble 
power 
dissipation 
vs. 


ambient temperature 


For a more detailed description 
of the TDA 2020 and related performance 
refer to SGS-ATES Appli- 


cation Note. n. 130. 


LINEAR 
INTEGRATED 
CIRCUIT 
lOA20200 


Hi-Fi 
AUDIO 
DRIVER 
AMPLIFIER 
WITH SHORT CIRCUIT PROTECTION AND 
THERMAL 
SHUT-DOWN 


• 
HIGH SUPPLY VOLTAGE: 
± 25V 
• 
HIGH SUPPLY REJECTION: 
80 dB 
• 
PROGRAMMABLE 
SOA PROTECTION 
• 
LOW DISTORTION 
(0.05% TYP.) 
• 
LOW INPUT NOISE VOLTAGE 
(4}.LV TYP.) 


The TDA 2020D is a monolithic 
integrated operational amplifier 
in a 14 lead quad in-line plastic-pack- 
age, intended for driving external power transistors in Hi-Fi 
amplifier 
(30 to 100W). This device incor- 
porates an original 
(and patented) 
short 
circuit 
protection 
system, comprising 
an arrangement 
for 
automatically 
limiting 
the dissipated power so as to keep the working 
point of the external transistors 


within 
their safe operating area. A thermal shut-<Jown system is also included. This thermal shut-down 
can also protect the external power transistors. 


Vs 
Vi 
Vi 


10 
Ptot 
Tstg, Tj 


Supply voltage 
Input voltage 
Differential 
input voltage 
Output 
peak current 
Power dissipation at T case .,;;;75°C 
Storage and junction 
temperature 


± 25 


Vs 


± 15 


1 


25 


-40 to 150 


ORDERING 
NUMBERS: 
TDA 2020D 
A82 
dual in-line plastic package 
TDA 2020D 
A92 
quad in-line plastic package 
TDA 2020D 
AC2 
dual in-line plastic package with spacer 
TDA 2020D 
AD2 
quad in-line plastic package with spacer 


~ 


~ 


0.45 
15 
~ 
~ 
~~~:~~~ 


I . 
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CONNECTION 
AND 
SCHEMATIC 
DIAGRAMS 
(top view) 


The copper 
slug is electrically 
connected 
to pin 5 (substrate) 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Vs= ±20V, 
Tamb= 
25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
± 5 
± 25 
V 


Id 
Quiescent drain current 
Vs = ±25V 
40 
80 
mA 


Ib 
Input 
bias current 
0.15 
"A 


Vos 
Input offset voltage 
5 
mV 


las 
I nput 
offset 
current 
0.05 
"A 


Vas 
Output offset voltage 
10 
100 
mV 


VCE(sat) 
Output 
saturation 
voltage 
10 = 0.5A 
± 1.7 
± 2 
V 


B 
Frequency response (-3 dB) 
10= 0.5A 
10 to 160000 
Hz 


d 
Distortion 
Gv= 30 dB 
10 = 0.5A 
f = 1 kHz 
0.05 
% 


f = 40 to 15 000 Hz 
0.2 
0.3 
% 


Intermodulation 
DIN 45500 
0.2 
% 


Ri 
Input resistance (pin 7) 
5 
Mn 


Gv 
Voltage gain (open loop) 
100 
dB 
f = 1 kHz 
Gv 
Voltage gain (closed loop) 
29.5 
30 
30.5 
dB 


eN 
I nput 
noise voltage 
4 
"V 
B (-3 dB) = 10 to 20 000 Hz 
iN 
Input 
noise current 
0.1 
nA 


SVR 
Supply voltage rejection 
f ripple= 100 Hz Gv= 30 dB 
35 
50 
dB 


Id 
Drain current 
Po = 4.5W 
RL= 36n 
160 
mA 
Po = 2W 
RL= 36n 
100 
mA 


Tsd 
Thermal shut-down junction 
145 
°c 
temperature 


Tsd 
Thermal shut-down case 
Ptat= 5W 
135 
°c 
temperature 
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Fig.l 
- Quiescent 
current 
vs. 
supply 
voltage 


Fig. 
4 
- 
Open 
loop 
fre- 
quency. 
response 
with 
dif- 


ferent 
values 
of 
the 
mlloff 
capacitor 


Fig. 
2 - Output 
current 
vs. 


V CE(sat) 


Fig. 
5 
- 
Value 
of 
rolloff 
capacitor 
vs. 
voltage 
gain 
for different 
bandwidths 
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Fig. 
3 
- 
Power 
dissipation 
vs. supply 
voltage 


Fig. 
6 
- 
Supply 
voltage 


rejection 
vs. 
voltage 
gain 
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Fig. 
8 - Output 
current 
vs. 


case temperature 


Vs ~tJov 
Rl:36n 


f-' 


- 


I 


Y.d20V 
- - 


RLz 
J6n 
Gv. lOde 
1/ 


/ 
/ 


- ~ 


lOA20200 


Note: 
Resistors R9, 
R10, 
R11 and R12 are 


optional. Their purpose is to change the 
allowable operating area of the output 
transistors (seefig. 231- 
The designer can choose different values 
according 
to 
working 
conditions 
(Vs, 


RL) 
and to 
the SOA of the external 


transistors. 
When 
these 
resistors 
are not 


used the application 
circuit 
is modified 


asfollows: 


a) R7, R8 are changedto 25 mO. 
b) R10, R12 are substituted by a short 


circuit. 


Po 
3fM1 
4fM1 
RL= 40 


± Vs 
18V 
20V 


R9/R11 
- 
2.2 kO 


R10/R12 
4.70 
4.70 


B0707 
B0907 
Q1 
or 
or 
BOW21A 
BOW21A 


B0708 
B0908 
Q2 
or 
or 
BOW22A 
BOW22A 


C 
---a::J-- 


01 
B1Q. 


---'--_:--- 
Rl 


c=J 
r------ 
I 
© 
: 
!....r~Ir-J 
Sf 
~) 
[~ 
D 
ct 
tJ 
(~ 
tJ 


4 
tJ 
[J 
b 
d 
b 
,J... _....1_ ... 


I 
'0' 
I 
L_~_..! 


Note: 
If 
resistors 
A9, 
A10, 
Rll 
and 
A12 
are 
not 
used, R7 and RS must be 25 mil. 
The fol· 
towing 
table 
shows 
what 
length 
of 
wire 


(copper and constantan) is required to obtain 
a resistor 
of 25 mil 
for 
different 
values 
of 
tjJ. 


lP(mm) 
1 
0.8 
0.7 
0.5 
0.4 
0.3 


I (mml 
- 
- 
570 290 
180 100 
copper 


t (mm) 
40 
25 
20 
10 
6.5 - 
constantan 


I 
R8 
(; 
, 
I 
R12 :.~ 


I 
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Application 
suggestions 


The 
recommended 
values 
of the 
components 
are those 
shown 
in application 
circuit 
of fig. 9, although 
different 
values 
can be used. 
The following 
table 
may help the amplifier 
designers. 


Component 
Recomm. 
Purpose 
Larger than 
Smaller than 
value 
recommended value 
recommended value 


Cl 
O.lIJF 
Elimination 
of DC 
Reduced lower cutoff 
Increasedlower 
current on volume 
frequency 
cutoff frequency 
control 


C2 
10 IJF 
To obtain DC gain 
Reduced lower cutoff 
Increased lower 
equal to 1 
frequency 
cutoff frequency 


C3 and C4 
0.1 IJF 
Frequency 
Danger of 
stabilization 
oscillations 


C5 
15 pF 
Upper frequency 
Reduced upper 
Increasedupper 
cutoff 
cutoff frequency 
cutoff frequency 


C6 
O.lIJF 
Frequency 
Danger of 
stabilization 
oscillation 


C7 
270 pF 
Compensation 
Danger of 
oscillations 


Rl 
100 kn 
Closed loop gain 
Larger closed loop gain 
Smaller closed loop 
determination 
gain 


R2 
3.3 kn 
Closed loop gain 
Smaller closed loop 
Larger closed loop 
determination 
gain 
gain 


R3 
Rl 
Input bias 
Output DC offset 
Output DC offset 


variation 
variation 


R4 
3.9 n 
External power 
Danger of distortion 
Increased load for 


transistor 
driving 
the driver 


R5 
1 n 
Frequency 
Danger of oscillations 
Danger of oscillations 
stabilization 


R6 
390 n 
Compensation 


R7 and R8 
50 mn 
Current protection 
Reduced maximum 
Increased 
maxillJum 
sensing 
output current value 
output 
current 
value 


R9,Rl0,Rll,R12 
see Fig. 23 


01 -02 
BD 707 - BD 708 or BD 907 - BD 908 or BDW 21A - 
BDW 22A 


Dl 
BA 128 
Short circuit proto 
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Fig. 
11 - Output 
power 
vs. 


supply 
voltage 
Fig. 
12 - Output 
power 
vs. 
supply 
voltage 
Fig. 
13 - Distortion 
vs. out- 
put power 


Fig. 
16 
- 
Input 
sensitivity 
vs. output 
power 


Fig. 
17 
- Maximum 
power 
dissipation 
vs. supply 
voltage 
(sine wave operation) 


Fig. 
18 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 


Fig. 
15 
frequency 
Fig. 
14 - Distortion 
vs. out- 
put 
pow.er 
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Note: With a bridge configuration the output power 


is increasedwhile the other performances are 
the same as that of the application in fig. 9. 
The table showsthe output power that can be 
obtained using different power transistor pairs. 


101 = 
A\02 
= 


101 = 
B \02 = 


101= 
C \02 
= 


BOW21A 
BOW22A; Vs= ±15V; RL= 4n 
·60W 


B0707 
B07oB; Vs= ±2oV; RL = Bn • BOW 
BOW51A 
BOW52A; Vs= ±1BV; RL = 4n 
• 100W 
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Using the two 
circuits 
shown 
in fig. 21 and fig. 22 it is possible 
to 
use 
a transformer 
with 
a 
large 
spread 
of output 
voltage 
between 
load and no-load 
condition. 
The 
voltage 
on 
pins 
1 and 
5 
follows 
V 0 
according 
to 
the 
equations: 


R2 
R1 + R2 
R2 
R1 + R2 


V 1-5 must 
not exceed 
50V and then 
the 
maximum 
value of Vs 
in no-load 
condition 
will be: 


R1 + R2 
2 R2 


The 
minimum 
value 
of 
Vs 
depends 
on 
the 
output 
power 
requested 
and will be: 


Vslmin)= 
VL + VCElsat) with 
VL = 
..}2 
Po RL 


Resistance 
R2 must 
be greater 
than 
R 1 to guarantee 
a positive 
voltage 
on 
pin 
1 and 
a negative 
voltage 
on pin 5 for 
correct 
working 
of TOA 20200. 


Note 1 - 
Between pins 
1 and 5 a ceramic capacitor 
must be inserted 
to guarantee good stability. 
Note 2 - 
It is possible 
to 
insert 
an 
electrolytic 
capacitor 
(10 
IlF) 
between 
pin 
1 and GND and between pin 5 and GND, but 
in this case the maximum output voltage must be V peak= 23V. 


With 
the 
circuit 
in fig. 22 the 
voltage 
at pins 
1 and 
5 is kept 
constant 
by 
two 
zener 
diodes. 
In load 
conditions 
a current 
equal 
to 
10= 
1/{3flows 
in R; the 
value 
of 
R is then 
given 
by 


R = 
(VCEI-VBE) 
{3. In no-load 
condition, 
if t,V 
is the 
in- 


crease 
in 
the 
supply 
voltage, 
the 
zener 
diodes 
dissipate 
a 
power 
depending 
on 
t,V 
and 
{3 according 
to 
the 
equation: 


TO 
OUTPUT 
POWER 
TRANSISTORS 
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The 
most 
important 
innovation 
in the 
TOA 
20200 
is an original 
circuit 
which 
limits the current 
of the 


output 
transistors. 
Fig. 23 shows 
that 
the maximum 
output 
current 
is a function 
of the collector-emitter 
voltage; 
hence 
the 
output 
transistors 
work 
within 
their 
safe operating 
area 
(fig. 24). 
This 
function 
can 
therefore 
be considered 
as being 
peak 
power 
limiting 
rather 
than 
simple 
current 
limiting. 
By choosing 
the 
appropriate 
values 
for 
R9, R 10, R 11, R 12, (fig. 9) the maximum 
output 
current 
can be 


established 
as a function 
of the SOA of the output 
parameters 
being 
used. 


Fig. 
23 
- Maximum 
output 
current 
vs. voltage 
[V ce(sat,] 
across 
one output 
transistor, 
for 
different 
values 
of 
R 10 
(typical 
application 
circuit) 


Fig. 
24 - Safe operating 
area and collector 
characteristics 
of 
the 
protected 
power 
transistor 
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The presence 
of a thermal 
limiting 
circuit 
offers 
the following 
advantages: 


1) An 
overload 
on the 
output 
(even 
if it is permanent) 
or an above-limit 
ambient 
temperature 
can 
be 


easily withstood 
since the Tj cannot 
be higher 
than 
150°C. 


2) The 
heatsink 
can 
have a smaller 
safety 
factor 
than 
a conventional 
circuit. 
There 
is no possibility 
of 
device 
damage 
due to high junction 
temperature. 


If, 
for 
any 
reason, 
the 
junction 
temperature 
increases 
up to 
150°C, 
the 
thermal 
shut-down 
simply 
reduces 
the 
power 
dissipation 
and the current 
consumption. 
The 
thermal 
protection 
unit 
of 
the 
TOA 
20200 
will 
also 
provide 
thermal 
protection 
of 
the 
output 
transistors 
if they 
are mounted 
on the 
same heatsink 
as the 
I.C. 
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~~-CONTAC1 


(SILICONE 
GREAS€) 
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The 
power 
dissipated 
in the 
circuit 
must 
be removed 
by adding 


an external 
heatsink 
as shown 
in figs. 25 and 26. 


The 
system 
for 
attaching 
the 
heatsink 
is very 
simple: 
it uses 
a 
plastic 
spacer 
which 
is supplied 
with 
the device. 


Thermal 
contact 
between 
the 
copper 
slug 
(of 
the 
package) 
and 
the 
heatsink 
is guaranteed 
by 
the 
pressure 
wh ich 
the 
screws 


exert 
via the 
spacer 
and 
the 
printed 
circuit 
board; 
this 
is due 
to 


the special 
shape 
of the 
spacer. 


Fig. 
27 
- 
Maximum 
allow- 


able 
power 
dissipation 
vs. 
ambient 
temperature 


14W Hi-Fi 
AUDIO 
POWER 
AMPLIFIER 
WITH 
SHORT 
CIRCUIT 
PROTECTION 
AND 
THERMAL 
SHUT-DOWN 


The 
TDA 
2030 is a monolithic 
integrated 
circuit 
in Pentawatt® 
package. 
intended 
for 
use as a low 
frequency 
class 
AS 
ampl ifier. 
Typically 
it provides 
14W output 
power 
(d = 0.5%) at ± 14V/4n; 
at 
± 14V the 
guaranteed 
output 
power 
is 12W on a 4n 
load and 8W on a 8n 
(DIN 45500). The TDA 2030 
provides 
high 
output 
current 
and 
has very 
low harmonic 
and 
cross-over 
distortion. 
Further 
the 
device 


incorporates 
an 
original 
(and 
patented) 
short 
circuit 
protection 
system 
comprising 
an arrangement 
for 


automatically 
limiting 
the 
dissipated 
power 
so as to keep 
the 
working 
point 
of the 
output 
transistors 


within 
their 
safe operating 
area. A conventional 
thermal 
shut-down 
system 
si also included. 


V, 
Vi 
Vi 


10 
Ptot 
T stg,Tj 


Supply 
voltage 
Input 
voltage 
Differential 
input 
voltage 


Output 
peak 
current 
(internally 
limited) 
Power 
dissipation 
at T case = 90°C 
Storage 
and junction 
temperature 


± 18 
V, 
± 15 
3.5 
20 
-40 to 150 


lOA 2030 
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ELECTRICAL 
CHARACTERISTICS 
(Refer to the test circuit; Vs = ± 14V. Tamb = 25°C unless otherwise specified) 


Parameter 
Test con<!itions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
±6 
± 18 
V 


Id 
Quiescent drain current 
40 
60 
mA 


Ib 
Input biascurrent 
0.2 
2 
IlA 


Vos 
Input 011set voltage 
V 
~ ± 18V 
± 2 
± 20 
mV 
s 


los 
Input offset current 
± 20 
± 200 
nA 


Vos 
Output offset voltage 
± 2.5 
± 22 
mV 


Po 
Output power 
d 
= 0.5% 
Gv ~ 30 dB 
I 
= 40 to 15000Hz 
RL= 
4n 
12 
14 
W 
RL= 
8n 
H 
9 
W 


d 
= 
10% 
G = 30 d8 
v 
I 
= 
1 kHz 
RL = 4 n 
18 
W 
RL ~ 8 n 
11 
W 


d 
Distortion 
P 
= 0.1 to 12W 
0 
RL= 
4n 
Gv ~ 30 d8 
I 
= 40 to 15000 Hz 
0.2 
0.5 
% 


P 
= 0.1 to 8W 
0 
RL ~ 8n 
Gv = 30 dB 
I ~ 40 to 15 000 Hz 
0.1 
0.5 
% 


Vi 
Input sensitivity 
G = 30dB 
I 
= 1 kHz 
v 
P 
= 12W 
RL~ 
4n 
215 
mV 
0 
Po = aw 
RL= 
an 
250 
mV 


B 
Frequency 
response 
Gv = 30 dB 
(-3 dB) 
P 
= 12W 
RL = 4 n 
10 to 140000'· 
Hz 
0 


Rj 
Input 
resistance 
0.5 
5 
Mn 
(pin 1) 


IDA 2030 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Voltage gain (open loop) 
90 
dB 


Gv 
Voltage gain 
f 
= 
1 kHz 
29.5 
30 
30.5 
dB 
(closed loop) 


eN 
Input noise voltage 
B = 22 Hz to 22 KHz 
3 
10 
IlV 


iN 
Input 
noise current 
RL = 451 
80 
200 
pA 


SVR 
Supply voltage rejection 
RL= 
451 
G = 30dB 
40 
50 
dB 
v 
Rg = 22 k51 
Vripple ~ 0.5 Veff 
friPPIe = 100 Hz 


Id 
Drain current 
P 
= 
14W 
RL= 
451 
900 
mA 
0 


p 
= 
9W 
RL= 
851 
500 
mA 
0 


Tsd 
Thermal shut-down 
case 
Ptot = 
12W 
110 
°C 


temperature 


Fig. 1 - Output 
power vs. 
supply voltage 
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Fig. 2 - Output 
power vs. 


supply voltage 
Fig.3 - Distortion vs. output 
power 
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Fig. 4 - Distortion vs. output 
power 
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Fig. 7 - Distortion 
vs. fre- 
quency 
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Fig. 10 - Frequency response 
with different 
values of the 
rolloff 
capacitor 
C8 
(see 
fig. 16) 


Fig. 5 - Distortion vs. output 
power 
Fig. 6 - Distortion vs. fre- 
quency 
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Fig. 9 - Sensitivity vs. out- 
put power 
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Fig. 8 - Sensitivity vs. out- 
put power 


Fig. 12 - Quiescent current 
vs. supply voltage 
Fig. 11 - Value of C8 vs. 
voltage 
gain 
for 
different 
bandwidths (see fig. 16) 
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Fig. 
13 
- 
Supply 
voltage 


rejection 
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Fig. 16 - Typical amplifier 
with split power supply 


Fig. 14 - Power dissipation 
and 
efficiency 
V5. 
output 
power 
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Fig. 15 - Maximum power 
dissipation 
V5. supply voltage 


(sine wave operation) 
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Fig. 17 - P.C. board and component 
layout for 


the circuit of fig. 16. 
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Fig. 18 - Typical amplifier 
with single power supply 
Fig. 19 - P.C. board and component layout for 
the circuit of fig. 18 
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Printed circu it board 


The 
layout 
shown 
in fig. 16 should 
be adopted 
by the designers. 
If different 
layouts 
are used, the ground 
points 
of input 
1 and 
input 
2 must 
be well decoupled 
from 
the ground 
return 
of the output 
in which 
a 
high current 
flows. 


Assembly suggestion 


No electrical 
isolation 
is needed 
between 
the 
package 
.and 
the 
heatsink 
with 
single 
supply 
voltage 
con- 
figuration. 


Application 
suggestions 


The 
recommended 
values 
of the 
components 
are those 
shown 
on application 
circuit 
of fig. 16. Different 
values 
can be used. 
The following 
table 
can help the designer. 


Component 
Recomm. 
Purpose 
Larger than 
Smaller than 
value 
recommended value 
recommended value 


R1 
22 kn 
Closed 
loop gain 
Increase 
of gain 
Decrease 
of ga in 


setting 


R2 
680 
n 
Closed 
loop gain 
Decrease 
of ga in 
Increase 
of ga in 
setting 


R3 
22 kn 
Non inverting 
input 
Increase 
of input 
Decrease 
of input 
biasing 
impedance 
impedance 


R4 
1 n 
Frequency 
stability 
Danger 
of osci Ilat. at 
high frequencies 
with 
induct. 
loads 


R5 
"" 3 R2 
Upper 
frequency 
Poor high frequen- 
Danger 
of 
cutoff 
cies attenuation 
oscillation 


C1 
1 11F 
Input 
DC 
Increase 
of low fre- 
decoupling 
quencies 
cutoff 


C2 
2211 
F 
Inverting 
DC 
Increase 
of low fre- 
decoupling 
quencies 
cutoff 


C3,C4 
0.11lF 
Supply 
voltage 
Danger 
of osci 1- 


bypass 
lation 


C5,C6 
100llF 
Supply 
voltage 
Danger 
of oscil- 
bypass 
lation 


C7 
0.221lF 
Frequency 
stability 
Danger 
of oscillat. 


C8 
1 
Upper 
frequency 
Smaller 
bandwidth 
Larger bandwidth 


""- 
2" 
B R1 
cutoff 


D1,D2 
1N4001 
To protect 
the device 
against 
output 
voltage 
spikes 


lOA 2030 


The TDA 2030 has an original circuit which limits the current of the output 
transistors. Fig. 25 shows 


that 
the 
maximum 
output 
current 
is a function 
of the collector 
emitter 
voltage; hence the output 
transistors 
work within 
their safe operating 
area (fig. 26). This function 
can therefore 
be considered 
as being peak power 
limiting 
rather than simple current 
limiting. The TDA 2030 
is thus protected 
against temporary 
overloads or short circuit. Should the short circuit exist for a longer time, the thermal 
shut-down 
protection 
keeps the junction temperature 
within safe limits. 


Fig. 25 - Maximum output 
current 
vs. voltage [VCEsatl 
across each output 
transitor 


Fig. 26 - Safe operating 
area and 
collector 
characteristics 
of the pro- 
tected power transistor 


Se<ond 
breakdown 
.,e. \ 


The presence of a thermal limiting circuit offers the following advantages: 


1) An overload on the output 
(even if it is permanent), 
or an above limit ambient temperature 
can be 
easily supported 
since the Tj cannot be higher than 150°C. 


2) The heatsink can have a smaller factor of safety compared with that of a conventional 
circuit. There 
is no possibility of device damage due to high junction 
temperature. 
If for any reason, the junction 
temperature 
increases up to 150°C, the thermal shut-down 
simply reduces the power dissipation and 
the current consumption. 


The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 29 shows this dissipable power as a function 
of ambient temperature 
for different 
thermal resistance. 


TOA2030 


Fig. 77 
- Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature 
(R L = 4n) 


Fig. 28 
- Output 
power 
and 
drain 
current 
vs. 
case 
tem- 
perature 
(RL =8n) 


Fig. 
29 - Maximum 
allowa- 
ble 
power 
dissipation 
vs. 
ambient 
temperature 
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Dimension: 
suggestion. 


The 
following 
table 
shows 
the 
length 
that 
the 
heatsink 
in fig. 30 must 
have for 
several 
values 
of Ptot and 
Rth. 


Ptot(W) 
12 
8 
6 


Length 
of heats; nk 
60 
40 
30 
(mm) 


Rth of heatsink 
4.2 
6.2 
8.3 
(OC/w) 


TOA2054M 
LINEAR 
INTEGRATED 
CIRCUIT 


PREAMPLIFIER 
WITH 
ALC 
FOR 
MONO 
AND 
STEREO 
C,02 
CASSETTE 
RECORDERS 


• 
EXCELLENT 
VERSATILITY 
IN USE (Vs from 4 to 20V) 


• 
HIGH OPEN LOOP GAIN 
• 
LOW DISTORTION 


• 
LOW NOISE 
• 
LARGE AUTOMATIC 
LEVEL CONTROL 
RANGE 
• 
STEREO MATCHING 
BETTER THAN 3 dB 


The TDA 2054M is a monolithic 
integrated circuit 
in a 16-lead dual in-line plastic package. 


The functions 
incorporated 
are: 


- 
low noise preamplifier 
- 
automatic 
level control 
system (ALe) 
- 
high gain equalization amplifier 


It is intended as preamplifier 
in tape and cassette recorders and players (C,02 l, dictaphones, compressor 


and expander in telephonic 
equipments, 
Hi-Fi 
preamplifiers 
and in wire diffusion 
receivers; for stereo 


applications the ALC matching is better than 3 dB. 


Supply voltage 
Total power dissipation at Tamb= 
50°C 
Storage and junction 
temperature 


20 
500 
-40 to 150 


V 


mW 


°C 


ORDERING 
NUMBERS: 
TDA 
2054M 
mono applications 
2 TDA 
2054M 
stereo applications 


lOA 2054M 


CONNECTION 
DIAGRAM 


ALC OUTPUT 
16 
ALC RECOVERY 
TIME 


03 
BASE 
15 
ALC 
INPUT 


01 
COLLECTOR 
SUPPLY 


02 
BASE 
14 
VOLTAGE 


01 
BASE 
13 
OUTPUT 


01 
EMITTER 
12 
FREOUENCY 
COMPENSATION 


02 
EMITTER 
11 
NON INVERTING 
INPUT 


02 
COLLECTOR 
7 
10 
INVERTING 


INPUT 


03 
COLLECTOR 
6 
GROUND 
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EQUALIZATION 
AMPLIFIER 


IDA 2054M 


Parameter 
Test conditions 
Min. 
Typ', 
Max. 
Unit 


Vs 
Supply voltage 
4 
20 
V 


Id 
Quiescent drain current 
Vs = 9V 
10 
mA 


S1 = S2 = S3 = at B 


hFE 
DC current gain (01,02,03) 
Ic = 0,1 mA, 
VCE= 5V 
'300 
500 
- 


eN 
Input noise voltage (01, 02, 03) 
2 
nV 


Ic=0.1mA 
VCE= 5V 
y'HZ 
f = 1 KHz 
pA 
iN 
Input noise current (Q1, 02, 03) 
0.5 
y'HZ 


NF 
Noise figure (01,02,03) 
Ic = 0.1 mA 
VCE= 5V 
Rg = 4.7 Kn. 
B (-3 dB)= 20 to 10000 Hz 
0.5 
4 
dB 


Gv 
Open loop voltage gain(for 
Vs - 9V 
f - 1 KHz 
60 
dB 


equalization amplifier) 


Vo 
Output voltage with A. L.C. 
Vs = 9V 
Vj=100mV 
f = 1 KHz 
S1= S2= S3 at A 
0.6 
V 


eN 
Equivalent input noise voltage 
Vs = 9V 
1.3 
IJV 


(for equalization amplifier pin 11) 
Gv = 40 dB 
S1 at B 
B (-3 dB)= 20 to 20000 Hz 


R1 
03 emitter 
resistance 
105 
150 
195 
17. 


lOA 2054M 


Fig. 
1 - 
Equivalent 
input 


spot voltage and noise cur- 
rent vs. bias current 
(tran- 
sistors Q1, Q2, Q3) 


Fig. 
4 
- 
Noise 
figure 
vs. 
bias current (transistors Q1, 
Q2,Q3) 


Fig. 7 - Open loop gain vs. 
frequency 
(equalization am- 


pi ifierl 


Fig. 
2 - 
Equivalent 
input 
noise current 
vs. frequency 
(transistors Q1, Q2, Q3) 


Fig. 
5 - 
Optimum 
source 


resistance and minimum NF 
vs. bias current 
(transistors 


Q1, Q2, Q3) 


Fig. 8 - 
Open loop phase 
responsevs.frequency(equa- 
lization ampl ifier) 


Fig. 
3 
- 
Equivalent 
input 
noise voltage vs. frequency 
(transistors Q1, Q2, Q3) 


Fig. 
6 
- 
Current 
gain vs. 


collector current (transistors 
Q1, Q2, Q3) 


Fig. 9 - Dinamic resistance 
Rl_9 
vs. ALC voltage V16 
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APPLICATION 
INFORMATION 


Fig.9 - Application 
circuit for Cr02 
cassette player and recorder 
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Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


PLAYBACK 


Gv 
Voltage gain lopen loop) 
I ~ 20 to 20000 Hz 
134 
dB 


Gv 
Voltage gain (closed loop) 
1= 1 KHz 
60 
dB 


Z' 
Input impedance 
1=100Hz 
10 
Kn 
, 
1=1 KHz 
41 
Kn 
1= 10 KHz 
43 
Kn 


Zo 
Output impedance 
1= 1 KHz 
12 
35 
n 


B 
Frequency 
response 
see lig. 11 


d 
Distortion 
Vo = 1V 
1=1 
KHz 
0.2 
% 


Output background noise 
Zg = 300n + 120 mH 
1.5 
mV 


""" 
Output weighted background noise 
(DIN 45405) 
1 
mV 


S+N 
Signal to noise ratio 
Vo=1.5V 
60 
dB 
N 
Zg = 300n + 120 mH 


ton " 
Switch-on time 
Vo = 1V 
500 
ms 


Gv 
Voltage gain (open loop) 
I = 20 to 20000 Hz 
134 
dB 


Gv 
Voltage gain (closed loop) 
1= 1 KHz 
72 
dB 


B 
Frequency response 
seelig. 13 


d 
Distortion with ALC 
Vo=1V 
1= 10 KHz 
0.5 
% 


ALC 
Automatic level control rangellor 
Vi';; 40mV 
1=10KHz 
54 
dB 
3 dB 01output voltage variation) 


Vo 
Output voltage belore clipping 
1= 1 KHz 
3 
,V 
without ALC 


Va 
Output voltage with ALC 
Vj=30mV 
1~ 1 KHz 
1.1 
V 


tl" 
Limiting time (seelig. 17) 
75 
ms 


!',Vi~ +40 dB 
1= 1 KHz 
t5et " 
Level setting time (seelig. 17) 
300 
ms 


tree" 
Recovery time (seelig. 17) 
!',Vi= -40 dB 
1= 1 KHz 
150 
sec. 


ton " 
Switch-an-time 
Va = 1V 
500 
ms 


S+N .•.•* 
Signal to noise ratio with ALC 
Vo~1V 
Rg = 470n 
64 
dB 
N 


.• This value depends 
on external 
network. 


When the DIN 45511 norm lor Irequency response is not mandatory the equalization peak at 15 KHz can be 
avoided - so halving the output 
noise. 


Weighted noise measurement IDIN 454051. 
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Fig. 11- Frequency response 
for the circuit in fig. 9 (play- 
back) 
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Fig. 
14 
- 
Output 
voltage 


variation 
and 
distortion 
with 
ALC vs. input voltage 


for 
the 
circuit 
in 
fig. 
9 
(recording) 
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Fig. 12 - Distortion 
vs. fre- 


quency 
for 
the 
circuit 
in 
fig.9 
(playbacl<) 


Fig. 15 - Distortion 
vs. fre- 
quency 
with 
ALC 
for 
the 
circuit 
in fig. 9 (recording) 
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Fig. 13 - Frequency response 
for the circu it in fig. 9 (re- 
cording) 
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Fig. 16 - Limiting and level 
setting time vs. input signal 
variation 
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LINEAR 
INTEGRATED 
CIRCUIT 
TOA 2140 


The 
TDA 
2140 
is a monolithic 
integrated 
circuit 
for regenerating 
and processing 
the subcarrier 
reference 
signals 
in the 
decoder 
circuit 
of 
PAL colour 
TV receivers. 
It is encapsulated 
in a 16-lead 
dual 
in-line 
plastic 
package 
and its main features 
are: 
High stability 
of the subcarrier 
oscillator 
with 
supply 
voltage 
and temperature 
variations. 


High 
noise 
immunity 
in ACC and 
APC circuits 
obtained 
by means 
of detectors 
activated 
only during 
key pulse 
High noise 
immunity 
in identification 
circuit 
Integrated 
90 


0 
phase 
sh ifter 
No adjustments 
of ACC (Automatic 
Color 
Control) 
needed 
Hysteresis 
in coulor 
killer circuit 
Internal 
circuit, 
driven 
by flyback 
pulse, 
generated 
a composite 
blanking 
and burst 
key pulse 
When 
the 
antenna 
signal 
decreases, 
the 
saturation 
of the 
chroma 
signal 
is automatically 
reduced 
before 
colour 
killer action. 
Colour 
killer 
activated 
if the 
antenna 
signal 
is too 
low, 
if the 
oscillator 
is not 
locked, 
if the 
burst 
is 
absent 
or if PAL identification 
is wrong. 


Supply 
voltage 
(pin 2) 


Voltage 
at pin 15 


Total 
power 
dissipation 
at Tamb 
~ 70°C 
Storage 
temperature 
Operating 
temperature 


15 


{ + 12 
-50 
800 
-55 to 150 
o to 
70 
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CONNECTION 
AND BLOCK DIAGRAMS 


(top view) 
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ELECTRICAL CHARACTERISTICS 
(Refer to the test circuit; Vs = 12V, fo = 4.43 MHz, Tamb = 25°C unless otherwise specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
10.8 
13.2 
V 
(pin 2) 


Is 
Supply current 
45 
64 
mA 
(pin 2) 


VI 
Ref. (B-Y) peak to peak 
0.9 
V 
output voltage 


R1 
Ref. (B-Y) output 
100 
.n 


resistance 


V3 
± Ref. (R-Y) peak to peak 
0.9 
V 
output voltage 


R3 
± Ref. (R-Y) output 
100 
.n 


resistance 


Vg 
Colour killer output 
Correct phaseof PAL 
11.4 
V 
flip-flop 


Incorrect phaseof PAL 
0.5 
V 
flip-flop 


VlO 
ACC output voltage 
V12 = 0.9 Vpp 
1 
V 
(note 1) 


Vl2 
Burst peak to peak input 
0.9 
V 
voltage (note 1) 


Vl3K 
Key pulse peak output 
5 
V 
voltage (note 2) 


Vl3B 
Blanking pulse peak 
2.1 
2.5 
V 
output voltage (note 2) 


Rl3 
Output resistance 
100 
.n 


tK 
Key pulse duration (note 2) 
Vl3 
= 3V 
3.5 
J.lS 


tFK 
Phase relation 
between 
V 13 = 3V 
Vl5 =lV 
6.5 
6.8 
J.lS 


leading edgesof flyback 
and key pulses (note 2) 


tFB 
Delay between fly back 
Vl3 
= 1V 
Vl5 
= lV 
0.4 
J.lS 
and blanking pulses 
(note 21 


V15 
Input voltage of composite 
V13';; 0.2V 
2.5 
7.5 
V 
blanking and key pulse 
generator (flyback pulsel 
Vl3;;' 
lV 
-50 
+ 1 
V 
(note 2) 


TOA 2140 


Parameter 
T8st cone!itions 
Min. 
Typ. 
Max. 
Unit 


RIS 
Line fly back pulse input 
VIS = 2.5V 
1 
kS1 


resistance 


Phaseangle between 
85 
90 
95 
° 
<P 


Ref (B-Y) and Ref (R-Y) 


. output signals 


M 
Pull-in range 
V12 = 0.9 Vpp 
+300 
Hz 
-400 


!'><p 
Static phase shift 
M 
~ ± 400 Hz 
10 
°/kHz 
lit 


M 
Oscillator frequency 
Tamb ~ 20 to 60"C 
1 
Hz/oC 


!'>Tamb 
thermal drift 


M 
Oscillator frequency 
Vs = 10.8 to 13.2V 
10 
Hz/V 


~ 
voltage drift 


Notes: 
1 - Measured in closed loop configuration 
with 
TDA 2151 chroma amplifier. 


2 - Composite blanking and key pulse waveform. 


I~·UF 


_. -{, 


-v's' 


Vt3' 


Pin 1 - Ref. (B-V) output 
The 
Ref. 
(S-V) 
signal 
is obtained 
from 
the 
oscillator 
waveform 
by means 
of an operational 
amplifier 
with 
capacitive 
feedback, 
which 
guarantees 
a 90° 
phase 
shift 
with 
± 5° accuracy. 
Pin 1 has low output 


impedance 
and shows 
a triangular 
waveform. 


Pin 2 - Positive supply 
The operating 
supply 
voltage 
of the device 
ranges 
from 
10.8V 
to 13.2V. 


Pin 3 - ± Ref. (R-V) output 
The 
phase 
of this 
signal 
is changed 
line by line from 
0° to 180° 
by means 
of the 
PAL flip-flop, 
which 
is 


driven 
by the 
key 
pulses 
and 
is reset 
by the 
identification 
circuit. 
Pin 3 has low output 
impedance 
and 
shows 
a square 
waveform. 
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APPLICATION 
INFORMATION 
(continued) 


Pin 4 - Automatic 
phase 
control 
circuit 


The 
APC 
circuit, 
which 
generates 
the 
voltage 
to 
control 
the 
oscillator 
by 
comparing 
the 
burst 
and 
oscillator 
waveforms, 
is activated 
only 
during 
the 
key 
pulse 
time. 
Therefore 
high 
noise 
immunity 
of 
the 
oscillator 
phase 
control 
is achieved. 
The 
filter 
network 
connected 
to pins 
4 and 
5 determines 
the 
bandwidth 
of the APC loop. 


Pin 5 - (see pin 4) 


Pin 6 - Oscillator 
The 
tuning 
network 
of the 
oscillator 
is connected 
to pins 
6 and 
7. The 
free 
running 
frequency 
of the 
oscillator 
is calibrated 
by means 
of the 
variable 
capacitor 
connected 
in series to the quartz. 
The 
pull-in 
range 
is typically 
+300 
Hz -400 
Hz; 
its slight 
asymmetry 
is due 
to 
the 
characteristics 
of the 
circuit 
which 
controls 
the 
oscillator. 
The 
pull-in 
range 
can be enlarged 
by reducing 
the 
value 
of the capacitor 
connected 
in parallel 
to the quartz, 
but 
it should 
never fall below 
3.3 pF. 


Pin 7 - (see pin 6) 


Pin 8 - Identification 
circuit 
The 
capacitor 
connected 
between 
pin 
8 and 
ground 
memorizes 
the 
identification 
circuit 
status. 
The 
identification 
circuit 
performance 
is influenced 
by the value of this capacitor 
and suitable 
ground 
layout 


must 
be provided. 
To reduce 
the 
identification 
sensitivity, 
a 6.8 Mn 
resistor 
can be connected 
in parallel 
to the capacitor. 


Pin 9 - Colour 
killer 


Pin 
9 is the 
output 
of the 
colour 
killer 
which 
is controlled 
by the 
identification 
circuit. 
Colour 
killing 
occurs 
if the 
antenna 
signal 
is too 
low, 
if the 
oscillator 
is not 
locked, 
if the 
burst 
is absent 
or if PAL 
identification 
is wrong. 
Colour 
killer 
activation 
and 
deactivation 
occur 
with 
different 
delays 
and with 
a 
hysteresis 
which 
eliminates 
the possibility 
of system 
oscillation. 


Pin 10 - ACC detector 
Pin 
10 is the 
output 
of the 
ACC voltage 
to control 
the 
gain of the TDA 
2150 
chroma 
amplifier. 
At pin 
11 the 
capacitor 
of the 
burst 
peak 
detector 
is connected 
to avoid 
annoying 
effects 
on the 
picture 
due 
to 
colours 
being 
affected 
by 
a very 
noisy 
signal. 
The 
ACC detector 
gradually 
desaturates 
the 
picture 
before 
the killer 
switches 
off the colours, 
in the event 
of low antenna 
signal 
levels. 


Pin 11 - (see pin 10) 


Pin 12 - Burst 
input 
circuit 
Pin 12 is the 
input 
of the 
burst 
signal 
which 
is picked 
up together 
with 
the chrominance 
signal and has 
to 
be 
separated 
trom 
the 
remainder 
of the 
line. This 
is done 
by the 
burst 
gate 
controlled 
by the 
key 
pulse. 
If the 
burst 
is coupled 
to the 
TDA 
2140 
via a band 
pass filter, 
the 
relative 
phase 
between 
sub- 
carriers 
and 
chrominance 
signal 
can be calibrated 
so that 
correct 
picture 
colours 
are obtained 
even with 
broadcasts 
which 
do not correspond 
perfectly 
to the PAL standard. 


Pin 13 - Composite 
blanking 
and key pulse 
generator 
(sandcastle 
pulse) 
The 
low 
impedance 
sandcastle 
pulse 
available 
at 
pin 
13 of the 
IC is obtained 
from 
the 
flyback 
pulse 
applied 
at pin 15. The flyback 
pulse 
must 
be negative 
and have a maximum 
amplitude 
of 55 Vpp. 


The 
precision 
of 
the 
sandcastle 
timing 
is determined 
by the 
tolerances 
of the 
RC network 
connected 
to 
pin 
14 of the 
IC; to avoid 
calibration, 
the 
maximum 
tolerances 
allowed 
are ± 2% for the 
resistance 
and 
± 2.5% for the capacitance. 
When the composite 
blanking 
and key pulse 
are available 
from 
any other 
circuit, 
e.g. 
from 
jungle 
IC, the 
sandcastle 
generator 
of 
the 
TDA 
2140 
can 
not 
be used. 
In this 
case, 
the 
sandcastle 
pulse 
is sent 
to pin 
13 of the 
TDA 
2140, 
pin 
14 is brought 
directly 
to Vs and 
pin 15 is 
brought 
to 
V 5 via a 5.6 
kn 
resistor. 
The 
internal 
circuit 
picks 
up 
the 
key 
pulse 
required 
to operate 
the 
IC. 


Pin 14 - (see pin 13); Pin 15--(see 
pin 13); Pin 16 - Ground 


IDA 2151 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
2151 
is a monolithic 
integrated 
circuit 
for 
CTV 
receivers 
that 
amplifies 
and 
controls 
the 
luminance 
and 
chrominance 
signals. 
It is encapsulated 
in a 16-lead 
dual 
in-line 
plastic 
package 
and 
its 
main 
features 
are: 
No pre-adjustments 
are needed 
for DC controls 
of contrast, 
brightness 
and saturation 
Tracked 
DC contrast 
control 
in chrominance 
and luminance 
channels 
Beam current 
limiter 
acting 
on contrast 
and brightness 
controls 


Programmable 
contrast 
reduction 
at beam 
current 
limiter 
action 
Independent 
video 
signal 
output 
for driving 
the 
sync. 
separator; 
this 
is for VCR 
playback 
operation 
Black 
level of the video 
output 
signal thermally 
compensated 
Generation 
of a luminance 
service 
signal to adjust 
the CRT cathode 
bias. 


Supply 
voltage 
(pin 
11) 
Voltages 
at pin 1 and pin 8 
Power 
dissipation 
at Tamb 
~ 70°C 
Storage 
temperatu 
re 
Operating 
temperature 


15 
V, 


800 
-55 to 150 
o to 
70 


.~ 
0.45 
.54 
11.18 
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CONNECTION 
DIAGRAM 


(top 
view) 
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2.5kP. 


COLOUR 
SATURATION 


IDA 2151 


ELECTRICAL 
CHARACTERISTICS 


(Refer to the test circuit; Vs = 12V, Tamb = 25°C unless otherwise specified) 


Parameter 
Test cond itions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 11) 
10.8 
13.2 
V 


Is 
Supply current (pin 11) 
45 
56 
mA 


Vi 
Peak to peak input signal 
1 = 4.4 MHz 
80 
mV 
(between pin 14 and 
pin 15) 


Va 
Peak to peak chroma 
1 = 4.4 MHz 
K 
•• 5% 
3 
V 
output signal (pin 10) 


Va 
Max. peak to peak chroma 
1 = 4.4 MHz 
3.8 
V 


output signal (pin 10) 
. 


LlGchr 
ACC range 
LlVlO •• 1 dB 
26 
dB 


LlGchr 
Saturation control 
range 
V12 
= 12V 


LlV7 ~ 2.1 to 6.5V 
40 
dB 


~ 
Chroma signal attenuation 
V12 
= 12V 
8 
dB 


Va 
during killer action 


~ 
Ratio 01 chroma voltage 
V12 = 12V 
V7 
= 6.5V 
0.94 
1 
1.06 
- 


Gburst 
gain to burst voltage gain 


V12 = 12V 
V7 
= 4.3V 
0.47 
0.5 
0.53 
- 


LlG 
Tracking 
ratio 
of lumi· 
LlV12 = a to 12V 
1 
1.5 
dB 


LlG~hr 
nance and chroma chan- 


nels contrast 
control 


Vi 
Peak to peak input signal 
100%white bar 
1 
V 
(pin 3) 


Ri 
Input 
resistance 
(between 
12 
kn 


pin 3 and pin 16) 


Ci 
Input capacitance 
8 
pF 
(between pin 3 and pin 16) 


V2 
Independent luminance 
Vi 
= 
1 Vpp 
3.7 
V 


output signal 
(peak to peak) 


R2 
Independent luminance 
100 
n 


output 
resistance 


Vs 
Brightness DC control 
2 to 5.5 
V 


voltage 
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Parameter 
Test conditions 
Min. 
TVp. 
Max. 
Unit 


Vo 
Luminance 
output 
signal 
V12 ~ 12V 
Vi = 
1 Vpp 
2 
2,2 
2.4 
V 
at pin 6 (black to white) 
V12 
= 
OV 
Vi = 
1 Vpp 
0.4 
0.48 
V 


Vo 
Black level of the lumi- 
Vs 
= 4.7V 
3.6 
V 


nance output 
signal 


(pin 61 


Vo 
Luminance 
service 
peak 
Vs = 
OV 
240 
mV 


to peak output 
signal 


(pin 6) 


Va 
Frame blanking pulse 
1.4 
V 


17 
Frame blanking pulse 
Positive 
pulse 
1 
mA 
input 
current 
Negative 
pulse 
-1 
mA 


!'.Vo 
Ratio of output blank 
0.5 
- 
!'.Vs 
level change to brightness 
control DC voltage change 


!'.Gy 
Contrast 
control 
range 
V12 = o to 12V 
13 
dB 


Fig. 
1 
- 
Y 
output 
signal 
(black 
to 
white) 
and 
its 


reduction due to beam cur- 
rent 
limiter 
action vs. con- 


trast control voltage 


Fig. 2 - Normalized Y arT!- 
plif. 
gain vs. b.c.1. control 
voltage 


Fig. 3 - Y output black level 
vs. b.c.1.control voltage 
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Pin 1 - Beam 
current 
limiter 
input 
The 
beam 
current 
limiter 
is controlled 
through 
pin 
1 by a 
DC voltage 
which 
is proportional 
to the average 
CRT beam 
current. 
When 
the 
beam 
current 
increases, 
the 
voltage 
applied 
at 
pin 
1 decreases 
and 
causes 
first 
a reduction 
in 
contrast 
and 
then 
a reduction 
in brightness. 
The 
amount 
of 
the 
contrast 
reduction 
is programmable 
by 
means 
of 
the 
resistance 
Rs connected 
in series to pin 12. The charac- 
teristics 
of 
b.c.1. 
are 
shown 
in figures 
1, 2, 
3 and 
4. 
By 
varying 
the 
values 
of 
the 
integrator 
circuit 
components 
on 
the 
EHT 
transformer, 
both 
the 
intervention 
point 
and 
the 
limitation 
slope 
can 
be 
adjusted 
to 
suit 
the 
various 
types 
of CRTs. 


Pin 2 - VCR 
Output 
The 
luminance 
signal, 
with 
typical 
amplitude 
of 3.5 
Vpp, 
is available 
at pin 2 of the 
IC. This signal has 
positive 
sync.suitable 
for driving 
the 
sync.separator 
if external 
video 
sources 
such as VCRs 
or video disc 
players 
are to be used. 


Pin 3 - Y input 
The 
luminance 
signal, 
of amplitude 
1 Vpp, 
is capacitively 
coupled 
to pin 3 of the 
IC which 
shows 
high 
input 
impedance. 
The luminance 
signal is separated 
from 
the chrominance 
signal by means of a 4.43 
MHz 
trap. 
The design 
of this trap 
is very important. 
In fact the 
4.43 
MHz leakage 
at the decoder 
RGB outputs 
is largely 
due to the 
leakage 
which 
passes through 
the 
luminance 
channel. 


Pins 4 and 5 - Black level clamp 
and brightness 
control 
The 
clamp 
locking 
pulse 
is supplied 
by the 
pulse 
shaper 
circuit 
which 
receives 
the 
composite 
blanking 
and 
key 
pulse 
(sandcastle) 
from 
pin 8. The 
clamp 
circuit 
compares 
the brightness 
control 
setting. 
When 
pin 
5 is connected 
to ground, 
a service 
signal 
suitable 
for alignment 
of CRT 
cutoffs 
is available 
at the 
luminance 
output. 
The service 
signal on the 
voltage 
divider 
after 
the delay 
line is: 


Fig. 
4 
- 
Reduction 
of 
the 
contrast 
due 
to b.c.1. action 
vs. Rs. 


QI 
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Pin 6 - Y output 
With 
contrast 
control 
at maximum, 
a luminance 
signal, 
with 
typical 
amplitude 
from 
white 
to black 
of 
2.2V, 
is present 
at pin 6. The 
black 
level of this 
signal 
is determined 
by the brightness 
control 
voltage. 


To allow 
the 
luminance 
delay 
line to be adapted 
easily, 
output 
Y of the TDA 2151 
has low impedance. 
Before 
the 
output, 
the 
luminance 
signal 
is cutoff 
during 
line and 
frame 
flyback 
by the 
horizontal 
and 
vertical 
blanking 
pulses. 


Pin 7 - Saturation 
control 
The 
gain 
of the 
chroma 
amplifier 
is set by means 
of the 
colour 
saturation 
control 
connected 
to pin 7 
of the 
IC. The 
control 
range 
is between 
2.1V 
and 
6.5V, 
causing 
a chrominance 
channel 
gain variation 
of 60 dB. 
The 
colour 
killer, 
which 
is activated 
in the TDA 2140, 
also acts on pin 7 and guarantees 
8 dB 
as minimum 
attenuation 
of the chroma 
signal. 


Pin 7 also 
receives 
frame 
blanking 
pulses. 
Using the application 
circuits 
shown 
on the 
next 
page, 
positive 
or negative 
blanking 
pulses 
can be applied 
to the 
IC. 
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Pin 8 - H and V blanking 
and key pulses 
input 
The 
H and 
V blanking 
and 
key pulses 
are separated 
by means 
of internally 
fixed 
thresholds 
whose 
levels 
are 
1.2V, 
1AV 
and 
4V 
respectively. 
A suitable 
composite 
blanking 
and 
key 
pulse 
is generated 
by the 


TDA 
2140 
but 
any 
other 
source 
can 
be used 
if correct 
amplitude 
and phase 
of blanking 
and key pulses 
are provided. 
The input 
impedance 
at pin 8 is 50 kn. 


Pin 9 - (see pins 14 and 15) 


Pin 10 - Chroma 
output 
Pin 
10 
is the 
low 
impedance 
chrominance 
output. 
In order 
to 
prevent 
the 
colour 
burst 
signal 
from 
being 
influenced 
by 
contrast 
and 
saturation 
controls, 
the 
second 
and third 
stages 
of the 
amplification 
chain 
are 
at 
maximum 
gain 
during 
the 
burst 
period. 
It is important 
to note 
that 
the 
signal, 
to which 
the 
TDA 
2140 
refers 
for generating 
the 
ACC control 
voltage, 
is picked 
up after 
the 
PAL delay 
line so 
that 
the 
attenuation 
spread 
of the 
delay 
line is compensated. 
This 
in addition 
to the 
low gain spread 
in the 
chrominance 
amplification 
chain, 
eliminates 
presetting 
of the 
saturation 
control. 
With saturation 
and 
contrast 
controls 
at 
maximum, 
the 
relationship 
between 
chrominance 
and 
burst 
signals 
at pin 
10 
corresponds 
to that 
at the 
input; 
this 
relationship, 
referred 
to 
the 
brightness 
output 
signal, 
gives 
an 
oversaturation 
of 6 dB. 


Pin 1" - Positive 
supply 
The operating 
supply 
voltage 
of the device 
ranges 
from 
10.8V 
to 13.2V. 


Pin 12 - Contrast 
control 
The 
contrast 
control 
is connected 
to 
pin 
12. 
A special 
circuit 
gives a linear 
gain characteristic 
to the 
contrast 
control 
voltage; 
gain variation 
is 14 dB over the 
0 to 
12V 
DC control 
voltage 
range. 
The con- 
trast 
control 
acts 
in the 
same way on the 
luminance 
channel 
and on the chrominance 
channel. 
Excellent 
tracking 
is thus 
obtained 
between 
luminance 
channel 
amplification 
and 
chrominance 
channel 
ampli- 
fication 
throughout 
the 
range of contrast 
adjustment. 


Pin 13 - ACC input 
Pin 
13 
is the 
high 
impedance 
input 
for 
controlling 
the 
gain 
of the 
chroma 
amplifier. 
It has to 
be 
connected 
to pin 
10 of the 
TDA 
2140 
through 
a low pass filter 
whose 
purpose 
is to reduce 
the 
ripple 
on the 
ACC control 
voltage. 


Pins 14 and 15 - Chroma 
input 
The 
chroma 
signal 
is carried 
symmetrically 
by pins 
14 and 
15 to the 
high impedance 
input 
of a 4 stage 
amplification 
chain. 
The 
gain 
of 
the 
first 
stage 
is regulated 
by 
the 
ACC 
voltage 
generated 
in the 
TDA 
2140. 
The 
balanced 
chrominance 
signal 
which 
leaves 
the 
bandpass 
filter 
is applied 
between 
pins 
14 and 
15. The 
maximum 
signal 
handling 
capability 
of the 
input 
circuit 
is 80 mVpp. 
Due to the 
high 
gain of the 
chrominance 
amplifiers, 
attenuation 
of the 
Y signal 
must be good 
and both 
the group 
delay 
and 
the 
overall 
delay 
introduced 
by the 
filter 
must 
be minimal. 
DC feedback 
is used 
between 
the 
last 
stage 
(pin 9) and the 
input 
to stabilize 
DC operation 
of the amplification 
chain. 


Pin 16 - Ground 


lOA 2161 
LINEAR 
INTEGRATED 
CIRCUIT 


SYNCHRONOUS 
DEMODULATOR 
AND 
RGB MATRIX 
FOR COLOUR 
TV WITH 
ON 
SCREEN 
DISPLAY 
FACILITY 


The 
TDA 
2161 
is a monolithic 
integrated 
circuit 
for demodulating 
and 
matrixing 
chroma 
signals. 
It is 
used 
for RGB cathode 
driving 
of colour 
pictures 
tubes 
and 
is directly 
coupled 
to the video 
output 
stages. 


The TDA 
2161 
is encapsulated 
in a 16-lead 
dual 
in-line 
plastic 
package 
and 
its main features 
are: 


High stability 
of DC output 
voltages 
ensured 
by applying 
heavy 
feedback 
from 
the output 
stages 
Large bandwidth 
Tight 
thermal 
coupling 
between 
the three 
channels 
Low subcarrier 
leakage 
due to integrated 
active 
filters 
Large black 
level adjustment 
range 
Large dynamic 
swing of the output 
signals 
High electrical 
stability 
of RGB amplifiers 
assured 
by internal 
frequency 
compensations 
Box blanking 
for characters 
display 
on screen. 


Vs 
. 


V12 
Ptot 
Tstg 
Top 


Supply 
voltage 
(pin 9) 
Voltage 
at pin 12 
Total 
power 
dissipation 
at Tamb';;; 
70°C 
Storage 
temperature 
Operati 
ng temperatu 
re 


15 
V 
Vs 


800 
mW 
-55 to 150°C 
o to 
70°C 


___ 
20"''' 


~::::J 
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CONNECTION AND BLOCK DIAGRAMS 
(top view) 


12 


NOT DELAYED 
Bl.t.f«l\lG 
ItPUT 


TOA 2161 


IDA 2161 


ELECTRICAL 
CHARACTERISTICS 


(Refer 
to the test 
circuit, 
V 5 = 12V, T amb = 25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage (pin 9) 
10.8 
13.2 
V 


Is 
Supply current (pin 9) 
35 
46 
mA 


VI 
Peak to peak luminance 
CRT cathodes signal ~ 100 Vpp 
1 
V 
input signal 


VI 
Black level voltage 01 
2.2 
V 


luminance 
input 
signal 


RI 
Luminance 
input 
50 
kn 


resistance 


Gv 
Gain of luminance channels 
I 
= 0.5 MHz 
Vi 
= 1 Vpp 
100 
- 


(including video output 
stages) 


By 
Frequency 
response 
of 
Vi ~ 200 mVpp 
6 
MHz 


luminance channels 
1-3 dB) 


. Va 
Box blanking input pulse 
2.5 
5 
V 


Vll 
Chr. (R- Y) peak to peak 
470 
mV 


input 
signal for 
max. 
output 
I 
= 4.4 MHz 


Output signalslinearity 
VI4 
Chr. (B-YI peak to peak 
lactor: m = 0.7 
350 
mV 
input 
signal for max. 


output 


Rll 
Chr. (R- Y) input resistance 
1 
kn 


Cll 
Chr. IR-Y) 
input 
5 
pF 


capacitance 


RI4 
Chr. (B-Y) input resistance 
1 
kn 


CI4 
Chr. (B-Y) input 
5 
pF 


capacitance 
I 
= 4.4 MHz 


VlO 
± Rei. (R-Y) peak to peak 
0.8 
V 
input 
signal 


RlO 
± Rei. (R-Y) input resistance 
2 
kn 


VIS 
Ref. (B-Y) input signal 
0.8 
V 


RIS 
Ref. (B- Y) input resistance 
2 
kn 


GR_y 
Gain 01 (R-Yj 
demodulator 
f 
= 4.4 MHz 
Vi = 50mVpp 
3.3 
- 


(note) 


IDA 2161 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


GB_y 
(B- Y) demodulator 
gain to 
1 = 4.4 MHz 
Vi = 50mVpp 
GR_y 
(R-Y) 
demodulator 
gain 
VI4 
= 50mVpp 
ratio 
VlO = VIS = 700 mVpp 
1.78 
- 


VG_y 
(G-Y) 
to (R--Y) matrix 
1 = 4.4 MHz 
Vll 
= 50mVpp 


VR_y 
ratio 
VIO = 700 m Vpp 
-0.51 
- 


VG_y 
(G-Y) 
to (B-Y) matrix 
1 = 4.4 MHz 
VI4 
= 50mVpp 
VB_y 
ratio 
VIS = 700 mVpp 
-0.19 
- 


BChr 
Frequency 
response 
01 
Vll 
= 0.1 Vpp 


colour difference channels 
VI4 
= 0.1 Vpp 


(-3 dB) 
VIO ~ VIS = 700 mVpp 
1 
1.2 
MHz 


V3 
B output 
voltage 
swing 
3 
V 


Vs 
G output 
voltage 
swing 
m;;' 
0.7 
3 
V 


V7 
R output 
voltage 
swing 
3 
V 


Vl3 
Blanking 
input voltage 
1 
V 


113 
Blanking 
input 
current 
10 
}JA 


t>Vo 
DC differential 
voltage 
VI 
= VI2 
5 
V 
between 
RGB outputs 


(at c.r.t. cathodes) 


Residual 
carrier 
at the CRT 
2 
Vpp 
cathodes 


Pin 1 - Luminance 
input 
The 
luminance 
signal 
enters 
at pin 
1 with 
a typical 
black 
to white 
amplitude 
of 1V and a black 
level of 
2.2V. 
The typical 
input 
impedance 
is 50 kn/5 
pF. 


Pin 2 - Blue channel 
feedback 
The 
DC working 
points 
and 
gains 
of the 
output 
stages 
and 
the 
IC amplifier 
stages 
are stabilized 
by the 
feedback 
circuits. 
The 
gain and 
black 
level of the 
RGB output 
stages are adjusted 
to have the black 
and 
white 
setting 
points 
on the picture 
tube, 
by means 
of the 
potentiometers 
in the feedback 
paths. 


TOA 2161 


Pin 3 - Blue signal output 
The 
low 
output 
impedance 
and the 
dynamic 
swing 
of the 
B signal 
output 
allows 
direct 
driving 
of the 


video 
output 
stage. 


Pin 8 - Box blanking 
input 
Positive 
going 
pulses are required. 
The high impedance 
input 
is TTL compatible. 


Pin 9 - Positive 
supply 
The operating 
supply 
voltage 
of the device 
ranges 
from 
10.8 to 13.2V. 


Pin 10 - ± (R-V) 
reference 
input 
A DC blocking 
capacitor 
is required 
to avoid 
DC unbalance 
of the 
demodulator. 
A minimum 
peak 
to 
peak 
signal of 0.5V 
is required 
to ensure 
good demodulator 
performance. 


Pin 11 - ± (R- V) chroma 
signal input 
The 
(B-V) 
and 
(R-V) 
demodulators 
have different 
amplification 
gain to compensate 
for the 
different 
attenuation 
of the 
chrominance 
signal 
components. 
This 
results 
in a gain of 3.3 for the 
(R-V) 
detector 
While 
the 
relationship 
between 
the 
gain of the 
(B-V) 
detector 
and 
that 
of the 
(R-V) 
detector 
is 1.78. 


The 
gain 
is calculated 
on 
the 
peak-to-peak 
values 
at the 
input 
and 
output 
of the 
demodulator, 
using 
standard 
colour 
bars 
as a test 
signal. 
To obtain 
maximum 
output, 
the 
chrominance 
input 
signals 
must 
have a typical 
value 
of 350 
mVpp 
for 
(B-V) 
and 
370 
mVpp 
for (R-V). 
In addition 
to the chrominance 
signal 
components, 
the 
burst 
also 
arrives 
at the 
demodulators. 
If demodulated, 
the 
burst 
would 
alter 
the 
blanking 
level 
on 
the 
video 
output 
stages. 
The 
demodulators 
must 
therefore 
be 
shut 
off 
during 
flyback 
and 
this 
is done 
by the 
sandcastle 
pulse 
applied 
at pin 
13 of the 
IC. The 
(G-V) 
component 
is 
obtained 
from 
the 
outputs 
of the 
two 
demodulators 
by means 
of the 
passive 
matrix 
according 
to the 


equation. 
(G-V) = -0.51 
(R-V) 
-0.19 
(B-V). 


Pin 12 - Not delayed 
blanking 
input 
The 
not 
delayed 
blanking 
pulse, 
available 
before 
the 
luminance 
delay 
line, 
is combined 
internally 
with 
the blanking 
pulse applied 
at pin 13. 


Pin 13 - Blanking 
input 
The 
demodulators 
are 
blanked 
by 
applying 
at pin 
13 a positive 
pulse 
which 
must 
exceed 
the 
internal 
threshold 
of 1.5V. 
The input 
impedance 
is 5 kn. 


INPUT 
::JVpp 


8l0n 


FRAME 


BLANK 


"" 
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~ 


S.6Id\ 


TOSV 


SEPAR 


(VCR) 


H-FlVBACK 


•. 12V 
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IDA 2190 
LINEAR 
INTEGRATED 
CIRCUIT 


COMPLETE TV SOUND CHANNEL 
WITH V.C.R. AND C.C.C. 
The TDA 2190 is a monolithic 
integrated circuit 
in 16-lead dual in-line 
power dip. 
It performs the 


following functions: 


IF Iimiter-ampl ifier and low-pass filter. 
FM detector. 
DC volume control. 
AF preamplifier 
and AF power amplifier with thermal shut-down protection 
and choice of class B or 


C.C.C. operation mode 
VCR facility with common pin for input and output 
(playback and recording). 


VCR input and FM Detector DC switching for recording and playback. 


The main features of TDA 2190 are: 
Suitable for all TV standards with FM modulation. 
ClassB or constant current consumption (C.C.C.) operation mode. 
Video cassette recorder (VCR) facility 
according to DIN norms. 


DC or AC volume control. 
Physiological volume and tone controls (AC volume control mode). 
LC or ceramic filters can be used for input and detector networks. 
High output power (1OW) easily achieved by very simple external stage. 
Performance 
Safety 
Very low spread of DC volume control. 
Thermal protection of AF output stage. 


DC volume control thermally compensated. 
Short-circuit 
protection of VCR 
Very low current ripple in C.C.C. operation mode. 
input-output 
pin. 
4W output power. 
No radiation problem 


Vs 
Vi 
V3 
10 


10 
Ptot 
Tstg, Tj 


Supply voltage (pins 14 and 15) 
Input peak voltage (pin 10) 
Voltage at pin 3 
Output peak current (non repetitive) 
Output peak current (repetitive) 
Power dissipation at T case= 75°C 
Storage and junction temperature 


ORDERING 
NUMBERS: 
TDA 2190 
TDA 2190 F2 


MECHANICAL 
DATA 


B 


71~ 


025 
L8.38_. 
17.78B 


~f.;-- 


16 
. 
-9 
.. 


I 
• 


28 


1 


Vs 


2 
1.5 
15 
-40 to 
150 
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ELECTRICAL 
CHARACTER 
ISTICS 
(Refer 
to the test circuit, 
Vs= 24V. 
fo= 5.5MHz, fm= 1KHz, 


class B, Tamb= 
25°C, 
unless 
otherwise 
specified) 


Vs 
Supply 
voltage 
(pins 
14 and 151 
11 
28 
V 


Va 
Quiescent 
output 
voltage 
(pi n 11 
Vs = 24V 
PI 
= 0 
11 
12 
13 
V 
Vs = 12V 
PI = a 
5.1 
6 
6.9 


V4 
Pin 4 DC voltage 
Playback 
and recording 
5 
6 
7 
V 


Vll 
DC volume control reference 
PI 
= a to 5 KI1 
4 
4.7 
5.5 
V 
voltage 


V 14-15 
C.C.C. 
reference 
voltage 
(between 
0.9 
1.1 
1.3 
V 
pi ns 14 and 
15) 


Id 
Quiescent 
drain 
current 
Vs = 24V 
PI 
= a 
25 
45 
65 


mA 


Vs=12V 
PI = a 
20 
35 
50 


Vi 
(threshold) 
Input 
limiting 
voltage 
at 
PI = a 
M = ± 25 KHz 
40 
100 
IJ.V 


pin 
10 


V5 
Recovered 
audio 
voltage 
Vi ~ 
1 mV 
M ~ ± 25 KHz 
240 
400 
480 
mV 


PI 
a 


AMR 
Amplitude 
modulation 
rejection 
Vi 
1 mV 
lIf=±50KHz 
62 
dB 
m 
0.3 


Ri 
Input 
resistance 
(pin 
10) 
Vi 
1 mV 
10 
KI1 


Cj 
Input 
capacitance 
(pi n 10) 
V, 
1 mV 
5 
pF 


A 
Volume 
attenuation 
PI 
on 
80 
90 
dB 


(resistance 
control) 
PI 
2.3 
KI1 
22 
30 
38 
dB 
PI = 5 Kn 
a 
3 
dB 


Vc 
Control 
voltage 
A = 90 dB 
a 
V 


A = 30 dB 
1.5 
V 
A= 
a dB 
3 
V 


lIA 
Volume 
attenuatio,1 
thermal 
drift 
Ttab 
25 to 85°C 
-0.05 
dB 


lITtab 
{resistance 
controll 
P1=2.3KI1 
OC 


Po 
OUlput 
power 
in class B mode 
d 
10% 


Vs 
24V 
RL 
- 1611 
4.1 
W 


Vs 
12V 
RL= 
811 
1.5 
W 
d = 
2% 


Vs 
24V 
RL 
= 1611 
3 
W 
Vs 
12V 
RL= 
8n 
1.2 
W 
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Po 
Output power in C.C.C. mode 
d = 10% 
Vs = 24V 
RL = 1611 
3.5 
W 


Vs=12V 
RL= 
811 
1.2 
W 


B 
Frequency 
response 
of audio 
Po = lW 
R L = 1611 
50.;- 
Hz 
amplifier (-3 dB) 
10000 


SVR 
Supply voltage rejection ratio 
PI = 0 
Vi = 1 mV 
M=O 
50 
dB 
RL= 1611 
friPPle= 100 Hz 


V3 
Input switching voltage for 
2 
V 


recording 


V3 
Input switching voltage for 
8.5 
V 


playback 


R3 
Input 
resistance 
V3 = 1 to 10V 
50 
100 
Kl1 


V4i 
Input voltage (playback) 
V3:;> 8.5V 
45 
90 
180 
mV 


Pout= lW 
PI = 5 Kl1 


V40ut 
Output voltage (recording) 
V3 •• 2V 
Vi= 
1 mV 
240 
400 
480 
mV 


PI = 0 
M=±25KHz 


R4i 
Input resistance Iplayback) 
V3;;" 8.5V 
10 
13 
Kl1 


R40ut 
Output resistance(recording) 
V3" 
2V 
140 
l1 


d 
Total harmonic distortion of pin 4 
PI = 0 
Vi = 1 mV 
0.5 
% 


output 
signal 
M= 
± 25 KHz 
V3 •• 2V 


SVR 
Supply voltage rejection at output 
PI = 0 
V3 •• 2V 
Vi;;" 1 mV 
50 
dB 
pin 4 
M ~ 0 fripPie= 100 Hz 


S+N 
Signal 
and 
noise 
to noise 
ratio 
V3 •• 2V 
Vi;;" 1 mV 
50 
67 
dB 
-N- 
Ipin 4) 
M ~ ± 50 KHz 


S+N 
Signal 
and 
noise 
to noise 
ratio 
Vi ~ 1 mV 
Vo = 4V 
50 
67 
dB 
-N- 
M ~ ± 50 KHz 


d 
Distortion 
Po ~ 50 mW 
M = ± 25 KHz 
Vs = 24V 
RL = 1611 
0.5 
% 


Vs = 12V 
RL= 
811 
0.5 
% 
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VCR 


IN/ 
OUTl 
L1" 12}JH 
00=80 
~6 
10}JF 


~0.=.2i:5_MHZ 
R4 
10 
C9 


kil 


C5 
C7 
l}JF 


68pF 
a2pF 
~5nF 


6 


IF 


INPUT 


Vs 
12 
24 
V 


C3 
Aq, 
B 
A 
B 


,~ tl""" 


RL 
8 
16 
n 
""~ 
p 


- - 
- - 
- 
- 
B: C.C.c. 


, 
PI 
R7 
180 
100 
fi 


L15k~ 
Vc 
C8 
3.9 
1.8 
nF 


+ Vs 


So-J18S 


Fig. 1 - Relative audio out· 
put and signal to noise ratio 
vs. input signal 


Fig. 
2 - 
AM 
rejection 
vs. 


input signal 
Fig. 3 - 6AM 
rejection vs. 


tuning 
frequency 
change 
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Fig. 4 - Detected audio volt- 
age (pin 5) vs. unloaded Q- 
factor 
of 
the detector 
coil 


Fig. 7 - 
Distortion 
vs. fre- 


quency deviation 


I 


'1 
.. 
-1 
~ 


Fig. 10 - Overall frequency 
response 


Fig. 
5 - 
Distortion 
of 
the 
detected 
signal (pin 
5) vs. 
unloaded 
Q-factor 
of 
the 
detector coil 


'0 


\0 


60 


90 


60 
00 
°0 
0 
0 


Fig. 6 - Output 
voltage at- 


tenuation 
vs. 
DC 
volume 


control 
resistance (P1) and 
vs. DC volume control 
volt 


age (Vcl 


Fig. 9 - Switch-off 
attenu- 
ation 
of the VCR at pin 4 
vs.switch-off voltage at pin 3 
,, 
-41&1' 


I 
I 
,- 
OdB 
-OI,l/ 


T 
,- 


I 
".,,, =+ 
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Rl' 
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T 
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'O'!iSMHz 
~ 


'm' 
1kHz 
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ld 
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WIth 
V3 =0 
V 


+-+- 


T 


Fig. 8 - Distortion 
vs. tun- 
ing frequency change 


Fig. 
11 
- 
Audio 
amplifier 
frequency response 


Fig. 12 - Distortion 
vs. out- 


put 
power 
(V s= 
24V and 


RL= 16n) 
-~, 
c.c, 
,_. L:_:~ 
== 


'1", 
00·&0 
- 
'O·SSMHJ: 
- 
fm"kHJ: 
- 
AI -! 25kHz 
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Fig. 
13 - Distortion 
vs. out- 


put 
power 
(V s= 
12V 
and 
RL= 817.) 


}ij 


lO' 


Vi" 


OOzlO 


to'5ShtHZ 


AI'!2S11Hl 


'"".lkHz 


C.C-C. 
Ct." 


Fig. 
16 - Power 
dissipation 


and 
efficiency 
vs. 
output 


power 
(class B mode) 


Al'l~n 


Vj""'V 
'0' 
S-Slol 


Im"lkHZ 
61 
:t151lHz 


Fig. 
19 - Current 
ripple 
vs. 


R-CCC 
value 
(C.C.C. 
mode 
only) 


Fig. 
14 - Output 
power 
vs. 
Fig. 
15 - Maximum 
power 


supply 
voltage 
(class 
B 
dissipation 
vs. supply 
voltage 


mode) 
(sine wave operation; 
class B 
mode) 


Po 
P,~ 


(W) 
A 
-tin 
(W) 


o·s,s 
! 
jd':;o •. 
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Fig. 
17 - Output 
power 
vs. 


supply 
voltage 
(C.C.C. mode) 
Fig. 
18 - Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
(C.C.C. 
mode) 


Fig. 
21 
- 
Quiescent 
drain 
current 
vs. 
supply 
voltage 


(C.C.C. 
mode 
only). 


Fig. 
20 
- Current 
ripple 
vs. 


signal 
frequency 
(C.C.C. 


mode 
only) 


(~::~)--.~ 
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Fig. 
22 
- Quiescent 
output 
voltage 
(pin 
1) 
vs. 
supply 
voltage 


,'. 


Y;- a 


ClA~B 
tee 


Fig. 
23 
- 
Supply 
voltage 


ripple 
rejection 
vs. volume 


control 
attenuation 


Fig. 24 - Supply 
voltage 
rip- 


ple 
rejection 
at the 
AF and 


VCR 
outputs 
vs. 
ripple 


frequency 


APPLICATION 
INFORMATION 
(Refer 
to the 
block 
diagram) 


IF amplifier 
and limiter 


The 
IF sound 
signal 
is amolified 
and 
limited 
by a chain 
of 6 differential 
stages. 
To avoid the 
possibility 


of 
radiation 
problems 
an 
active 
low 
pass 
filter 
has been 
integrated 
to eliminate 
the 
high frequency 


harmonics 
from 
the signal sent to the detector. 


Pin 10 
is the 
non 
inverting 
input 
of the 
amplifier-limiter 
and 
it is used as input 
of the 
IF sound 
signal 
coming 
from 
the 
input 
network 
which 
can employ 
either 
LC or ceramic 
filters. 


The typical 
input 
impedance 
of pin 10 is 10 Kn, 5 pF at fo = 5.5 MHz .. 


Pin 8 
is the 
inverting 
input, 
of the 
amplifier-limiter. 
The 
DC negative 
feedback 
of the amplifier 
is ap- 


plied 
internally 
to this 
pin which 
must 
therefore 
be decoupled 
by means 
of a by pass capacitor 
toward 


ground. 


FM detector 


Signal 
detection 
is obtained 
by means 
of a peak 
differential 
detector 
which 
enables 
radi~~iC1n problems 


to be minimized. 


Pin 7 
is the 
first 
input 
of the 
peak 
differential 
detector 
and 
it is the output 
of the 
low pass filter. 
The 


typical 
output 
impedance 
is 2.7 Kn. 


Pin 6 
is the 
second 
input 
of the 
peak differential 
detector. 
This pin must 
be supplied 
with 
the 
same 
DC 
voltage 
as the other 
input 
(pin 7) and this 
is done 
by coil L1. 


External 
components 
L 1 C3 and 
C5 transform 
the frequency 
variations 
into 
amplitude 
variations 
useful 


to drive the detector. 
Network 
L1 C3 C5 has two resonance 
frequencies: 


Xu' 
XC3 
f1 series 
resonance 
for 
Xcs = ----- 
XC3 + Xu 
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APPLICATION 
INFORMATION 
(continued) 


Coil L1 must be tuned at frequency fo = IF sound, equidistant from frequencies f1 and f2 to which the 
peaks of the "S" response of the detector correspond. The separation between the peaks is defined by 


the ratio 
ff2: 
= 1 + 
~. 
1 
C3 


Network L 1 C3 C5 can obviously be substituted by a ceramic filter. 


Pin 5 
is the output 
of the FM detector. Its output impedance of 20 Kn, 
in combination 
with capacitor 
C4 connected between pin 5 and ground, defines the time constant of the deemphasis. The detector "S" 
curve is visible at pin 5. Improved AMR performance can be obtained by connecting a 10 Kn 
10 /IF RC 
seriesnetwork between pin 5 and ground. 


This function, 
required by receivers capable of recording complete TV signals, is made in accordance 
with 
DIN Norms. A single pin (pin 4) acts both as output 
of the signal to be recorded and as input of 
the signal to be played back. The function of this pin is changed by meansof a control, applied to pin 3, 
consisting of two different 
levels of DC voltage. The operating conditions of pins 3 and 4 are: 


Mode 
VCR Switch 
Function of 
Impedance of 
Signal at 
pin 3 
pin 4 
pin 4 
pin 4 


Recording 
V3 <.,2V 
Output 
R4 = 140n 
V4 = 400 mV 


Playback 
V3;;;'S.5V 
Input 
R4 = 13 Kn 
V4 = 
90 mV 


In the recording state the output signal at pin 4 is independent of the volume control, while during play- 
back the signal applied at pin 4 is regulated by the volume control before being sent to the audio am- 
plifier. 


Pin 3, 
input of the VCR switch, has an impedance greater than 50Kn 
for any value of input voltage. 
Control 
pulses at pin 3 with very sharp edges cause temporary 
unbalancing of the circuit and produce 
audible signals. T~is effect is eliminated by means of R3 CS which slows down the control edges. In the 
playback 
state the IF sound signal coming from 
the detector 
is automatically 
blocked by the VCR 
switch. 


Pin 4, 
input-output 
of the audio signal,has a DC typical 
voltage of 6V. C6 must therefore be used to 
decouple it from the VCR. 
The output 
signal of pin 4 can be used to perform the AC volume control (fig. 31). The potentiometer 
must be connected between pin 4 and ground and the slider must be connected to nin 13 after DC 
decoupling. 


DC volume control 


The audio signal coming from the FM detector or from the VCR is adjusted in amplitude by meansof a 
DC controlled 
active attenuator. The attenuation 
can be changed either by meansof a potentiometer 
or 
by meansof a DC voltage. 


Pin 11 
supplies the reference voltage for the volume control. 
This voltage is between 4V and 5.5V and has a thermal coeft. of +o.25%/oC. The maximum current 
which can be supplied by pin 11 is 10 mA. 
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Pin 12 
is the 
input 
of the 
DC volume 
control. 
To minimize 
the attenuation 
spreads, 
the volume 
control 
network 
R 1, R2, P1 is supplied 
by the 
reference 
voltage 
of pin 11. The attenuation 
of the 
signal is inver- 
sely proportional 
to the voltage 
applied 
at pin 12; therefore 
maximum 
attenuation 
is for V 12 = 0 or 
for 
P1 = O. 
Capacitor 
C7, 
connected 
in parallel 
to 
the 
volume 
nntentiometer, 
eliminates 
any 
signals 
or 
spikes 
picked 
up 
by 
the 
connection 
wires 
of 
the 
potentiometer. 
The 
volume 
control 
characteristic 
depends 
on the 
configuration 
and on the values 
of the components 
of the 
network 
connected 
to pins 
11 
and 
12. The suggested 
values 
are: 
R 1= 1 Kn R2= 
3.9 Kn and P1 = 5 Kn with 
linear 
variation; 
with 
this 


network 
a linear 
variation 
of the 
output 
power 
is obtained. 
Different 
slopes 
of the volume 
control 
and 
relative 
networks 
are shown 
in figs. 25 and 26. 


The 
volume 
can 
also be controlled 
by means 
of a DC voltage 
applied 
between 
resistor 
R2 and 
ground 
instead 
of 
potentiometer 
Pl. 
Using 
this 
configuration, 
volume 
variation 
can 
be obtained 
by means 
of 
remote 
control 
as shown 
in fig. 36. 


AF amplifier 


The 
AF 
amplifier 
consists 
of an 
operational 
amplifier 
with 
thermally 
protected 
(thermal 
shut 
down) 
output 
stage. 
By using a simple 
external 
variant 
the 
power 
stage can be made 
to operate 
in class B or in 
costant 
current 
consumption. 


Pin 
1 
is the 
output 
of the 
power 
amplifier. 
The 
network 
which 
defines 
the 
gain and 
the 
band 
of the 
audio 
amplifier 
is connected 
between 
pins 
1,2 
and 
13. 
The 
input 
voltage 
of the 
amplifier 
is I ° R4, where 
I is the 
signal output 
current 
of the 
DC volume 
con- 
trol 
block. 
The closed 
loop gain of the amplifier 
is given by Gv= 
R5/R6; 
Therefore 
the output 
voltage 
is given by 


R5 
Vo=I'R4 
oREi 


Changing 
the 
values 
of these 
resistors, 
different 
output 
voltage 
(i.e. different 
closed 
loop 
gain) 
can be 
obtained. 
When 
impedances,rather 
than 
pure 
resistors, 
are 
used, 
the 
closed 
loop 
gain 
is changed 
with 
frequency. 


In particular 
at high frequencies 
the gain is reduced 
by capacitor 
Cl1 
and at low frequencies 
it is reduced 
by capacitor 
C13. 


The 
Boucherot 
cell R7 C14 guarantees 
the 
stability 
of the circuit 
in ali the operating 
conditions. 


Pin 2, 
the non inverting 
input 
of the audio 
amplifier, 
is connected 
to an integrated 
voltage 
divider 
which 
fixes 
its DC voltage 
at V,/2. 
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APPLICATION 
INFORMATION 
(continued) 


Since 
the 
voltage 
of pin 2 is the 
reference 
of the 
input 
differential 
stage of the audio 
amplifier, 
both 
the 


voltage 
of pin 
13 and the 
voltage 
of pin 
1 are equal 
to 
Vs/2. 
Capacitor 
C12, 
connected 
between 
pin 2 


and 
ground, 
has the 
dual 
function 
of eliminating 
the 
audio 
signals 
from 
pin 2 and 
providing 
the s~pply 
voltage 
ripple 
rejection. 


Pin 13 
is the 
inverting 
input 
of the 
audio 
preamplifier; 
the 
outoput 
of the 
DC volume 
control 
is also 


connected 
to this pin. 


Supply 


The device 
can operate 
either 
in class B or in C.C.C. mode. 
In class B the supply 
current 
is highly 
variable 
and 
depends 
on the 
power 
supplied 
to the 
load. 
The 
supply 
must 
therefore 
be well 
filtered 
to 
prevent 
modulation 
effects 
on the 
supply 
itself 
which 
may 
influence 
other 
circuits 
in the 
TV. 
In C.C.C. 
mode 
supply 
current 
is constant 
and 
the 
supply 
system 
can therefore 
be simplified; 
for example 
the 
sound 
channel 
can 
be supplied 
directly 
by the 
line transformer 
without 
problems 
of modulation 
of the 
picture 
size. 


Pin 15 
is the 
main 
supply 
of the device; 
when 
it is connected 
directly 
to the 
power 
supply 
and pin 14 is 
left open, 
the circuit 
operates 
in class B. 


Pin 
14 
is the 
supply 
point 
for 
C.C.C. 
The 
reference 
system, 
connected 
between 
pin 
14 and 
pin 
15, 
determines 
a constant 
voltage 
of 1.1 V between 
the two 
pins. To make 
the device 
operate 
in C.C.C. mode, 
pin 
14 must 
be connected 
to the 
supply 
and 
a resistor 
R-CCC 
must 
be connected 
between 
pin 
14 and 
pin 15; the value of th is resistor 
d8fines 
the quiescent 
current 
leec = 1.1 V/R-CCC. 
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APPLICATION 
INFORMATION 
(continued) 


Fig. 35 - Application 
circuit for 10W of output 
power when Vs= 22V and RL= 4D. 


~ 
crrr 
F 
~.~~B 
~,onF 
IF 
.I.l 
INPUT 
-===- 
S60n 


560n 
--_.J.. 


Fig. 36 - Remote volume control. 
The output of the sound channel increaseswhen the duty-cycle 
at pin 
2 of the I.C. M1025 decreases 


Output 
trom 


pin 2 of the 


Ie. 
Ml025 


(Duty· 
cycle 


varlablto from 


1/311030/31) 


NOTE: 
RT1 must be setfor the normalization of the output power (Po= 100 mWI. 
Procedure: 
- 
IF input at pin 10 of the TDA 2190 
Vs= 24V;RL= 
16D.;Vi= 1 mV;fo= 
5.5 MHz; LIf = ± 25 KHz;fm = 1 KHz. 


Whith the normalizated output of the I.e. M1025 (duty cycle of 10/31), set RT1 for 1.26 VRMS acrossthe load 
RL~16D.. 
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The 
power 
dissipated 
in the 
circuit 
must 
be removed 
by adding 
an external 
heatsink 
as shown 
in figs. 37 
and 38. 
The 
system 
for attaching 
the 
heatsink 
is very 
simple: 
it uses a plastic 
spacer 
which 
is supplied 
with 
the 


device 
on request 
(TDA 
2190 
F2). 


Thermal 
contact 
between 
the copper 
slug (of the package) 
and the 
heatsink 
is guaranteed 
by the 
pressure 


which 
the 
screws 
exert 
via the 
spacer 
and the 
printed 
circuit 
board; 
this 
is due to the 
particular 
shape 
of 
the spacer. 


Note: 
The 
most 
negative 
supply 
voltage 
is connected 
to the copper 
slug,hence 
to the heatsink(because 


it is in contact 
with 
the 
slug). 


(SIliCONE 
GRE.A5£) 


Rth,O.s"c/w 
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The 
maximum 
allowable 
power 
dissipation 
depends 
upon 
the 
size 
of the 
external 
heatsink 
(i.e. 
its 


thermal 
resistance): 
fig. 39 
shows 
this 
dissipable 
power 
as a function 
of ambient 
temperature 
for 
an 


heatsink 
having 
5°C/W. 


Fig. 39 - Maximum 
allowable 


power 
dissipation 
vs. 
am- 
bient 
temperature 


lOA 2310 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA2310 
is a dual 
high quality 
class A preamplifier 
intended 
for extremely 
low distortion 
appli- 
cation 
in H i-F i systems. 
The 
TDA2310 
is a monolithic 
integrated 
circuit 
in a 14-lead 
dual-in-line 
plastic 
package 
and 
its main 
features 
are: 


Very 
high dynamic 
range 


Very low 
distortion 
High open 
loop bandwidth 
Very 
low noise 


No pop-noise 
High slew-rate: 
14V /I'S (Gv= 
30 dB) - 50V /I'S (Gv= 
50 dB) 
Large output 
voltage 
swing 
Single 
or split supply 
operation 


Output 
short 
circuit 
protection 


Vs 
Vs 
Vcm 
Vi 
Ptot 
Tj, T;tg 


DC supply 
voltage 


Operating 
supply 
voltage 


Common 
mode 
input 
voltage 


Differential 
input 
voltage 


Total 
power 
dissipation 
at Tamb < 70°C 


Junction 
and storage 
temperature 


± 22 
V 


± 20 
V 


± 15 
V 


±5 
V 
800 
mW 
-40 to 150°C 
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CONNECTION 
DIAGRAM 
(top view) 


OUTPUT 
(A) 
14 
P051T1VE 
5UPPLY(.,..Vs) 


DRIVER 
(A)DUTPUT 
13 
OUrpUT( 
B) 


COMPENSATION 
(A) j 
" 


DRIVER(B) 
OUTPUT 


11 


f 
COMPENSATION 
(B) 
NON 
INVERTING 
10 
INPUT 
(A) 


INVERTING 
INPUT(A) 
6 
NON 
INVERTING 
INPUT 
(8, 


NEGATIVE 
SUPPLV(-Vs) 
7 
INVERTING 
INPUT(S) 


$- 
4069 


BLOCK 
DIAGRAM 
(one section) 


NON 
INVERTING 
INPUT 


INVERTING 
INPUT 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to the Testcircuit 
of fig. 1, Tamb = 25°C, 
Vs = ± 15V, 
Gv = 30dB, 
RL = 20KD. unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
± 5 
± 20 
V 


Is 
Supply 
current 
10 
15 
mA 


Ib 
I nput 
bias current 
0.2 
1 
liA 


los 
I nput 
offset 
current 
50 
300 
nA 


Vos 
Input 
offset 
voltage 
1 
3 
mV 
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Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Voltage gain 
1 = 1KHz 
85 
dB 
(open loop) 
No compensation 
1= 20KHz 
85 
dB 


t>Gv 
Voltage gain spread 
1= 1KHz 
±0.2 
dB 
(closed loop) 
1= 100KHz 
±0.5 
dB 


Rj 
Input resistance 
5 
Mn 


1 = 1KHz 


Ro 
Output 
resistance 
10 
n 


Vpp 
Output 
voltage 
swing 
1= 1KHz 
24 
V 


(peak to peak) 
d~l% 


1= 100KHz 
22 
V 


Vo 
Output voltage (rms) 
Rx~ B.2Kn 
1= 1KHz 
6 
8 
V 


f = 20KHz 
6 
8 
V 


BW 
Power bandwidth 
Vo = 20 Vpp, 
Rx~ 8.2 Kn 
160 
KHz 


Gv = 30dB 
14 
SR 
Slew rate 
VII'S 


Gv = 50dB IC3 ~ 330pF 
50 


Rs ~ 470n) 


d 
Total harmonic 
Vo = 3V 
f ~ 1KHz 
0.035 
% 


distortion 
1 = 20 KHz 
0.035 
% 


d2 
Second order CCIF 
V01 = 1V 
12 - 11~ 1 KHz 
0.01 
0.1 
% 


intermodulation 
V02 = 1V 
distortion 


d3 
Third order CCIF 
11 = 14KHz 
21rl2 
= 13 KHz 
0.03 
0.1 
% 


intermodulation 
12 ~ 15KHz 
distortion 


Rg = 600n 
0.6 
0.8 


Rg ~ 3.3Kn n 
1.0 
I' V 


eN 
. Total 
input 
noise 
Rg = 600n 
0.75 
I' V 
Rg = 3.3Kn 
(,,0) 
1.2 


Rg = 3.3K 
74 
Rg = 600 
(,,) 
78 
dB 
Rg = 0 
80 
SIN 
. Signal 
to noise 
ratio 
Va = 500mV 


Rg = 3.3K 
72 
Rg 
600 
(00 ) 
76 
dB 
Rg = 0 
78 


Cs 
Channel 
separation 
f 
0 20KHz 
100 
dB 
Rg = 600n 


CMR 
Common 
mode 
rejection 
Rg = 600n 
95 
dB 


SVR 
Supply voltage rejection 
Rg - 600n 
85 
dB 


ISh 
Output short 
15 
mA 


circuit 
current 
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Fig.3 
- Harmonic 
distortion 
vs. output 
level. 


Fig. 
6 
- 
Output 
voltage 


swing vs. load resistance. 


Fig. 9 - Open 
loop frequen- 
cy response. 


Fig. 4 - Harmonic 
distortion 
vs. frequency. 


= 


$Z tl_~V 
RX.8,lKQ 


"oz)V 


RIo 
lOKn 
~ 


·,,~/II 


Fig. 
7 
- Total 
input 
noise 
vs. source 
resistance. 


Fig. 
10 
- Closed 
loop 
gain 
vs. frequency. 


Fig. 
5 
- 
Output 
voltage 
swing vs. frequency. 


Fig. 
8 
- 
Noise 
density 
vs. 


frequency. 


Fig. 
11 
- 
Two 
tone 
CCIF 
intermod. 
distortion. 
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Fig. 12 - Very low dynamic distortion stereo RIAA preamplifier. 


Vs=± 
15V 
RIAA frequency response(20Hz to 20KHz) = ± 0.5 dB 
Harmonic distortion = 0.02% (f = 20KHz) 


Fig. 13 - RIAA preamplifier 
response. 


IN 
em 
t;t 


Fig. 14 - Two tone intermo- 
dulation distortion 
vs. input 
level. 


Fig. 15 - Maximum output 
level of high quality 
magne- 


tic cartridge vs. frequency. 


RIAA 


PREAMPLlflE.R 
(0/.) 


Ys ~:ISY 
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Fig. 16 - Dynamic range of 
disc 
music. 


As shown in fig. 15 the maximum 
expected output 
level of an 
high quality 
magnetic cartridge 
playing 
modern discs is lower 


than 80mV rms. 
The dynamic range needed is about 70dB (fig. 16). 
The TDA2310 
is perfectly 
suited to 
RIAA 
preamplifier 
appli- 
cations due to the ~100 dB dynamic range (150mV input 
0.1% 


distortion 
to 1 J1Vnoise). 
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Fig. 19 - Frequency 
response 


of graphic 
equalizer 
of fig. 20 


BW1 = 30Hz to 160Hz 
BW2 = 160Hz to 800Hz 
BW3 = 800Hz to 4KHz 
BW4 = 4KHz to 20KHz 


lOA 2310 


10Kfi 
~--~---t=~-------~--o"S~'JOV 


~'OjJF 


015m,~ 


nKfi 


MIKE 


01'lIJF 


,~ 


Gv = 60dB 
B = 15Hz to 100KHz 
(± 0.5dBl 
SR = 50V//ls 
V 0 = 5V (d = 0.05% 
. f = 20KHz) 


I 
0''011'''1,411 
IO.,., 


lOOO ••.• F 


'0 
- 
LI-r- 
,,};O,.,= 
I 


'0'" Y 
I 
H1 
l-tl ' 
y·r 
'On 
y,n 
. 
_ 1 


lOA 2310 


The table shows the suggested compensation 
networks 
depending 
on the slew-rate and gain required 


in the application. 


Slew-Rate 
(V/"s) 


Gv min. 


(dB) 
Compensation 
Network 


R = 47011 
C = 330pF 
High gain 
Applications 


R =68l1 
C = 3.3nF 
RIAA 
Preamplifier 


R1 = 56Kn. 


Rl 
R2 = 180Kn. 
Inverting 
10 
R3=680l1 


14 
C1 = 10nF 
Configuration 


R1=R2=56Kn. 


0 
R3 = 68011 


R=68l1 
C = 3.3nF 
C1 = 10nF 


5 
20 
R = 33 l1 
Low 


C = 10nF 
Slew-Rate 
Applications 


R = 10 l1 
C = 47 nF 


TOA 3190 


.L1 N EAR 
I N T EGRAT E0 
C IRe U IT 


The TDA3190 
is a monolith ic integrated circuit 
in a 16-lead dual in-line 
plastic package. It performs 
all the functions needed for the TV sound channel: 


IF limiter--amplifier 
- 
DC volume control 
- 
Active low-pass filter 
- 
AF preamplifier 


- 
FM detector 
- 
AF output stage 


The TDA 
3190 can give an output 
power of 4.2W (d = 10%) into a 16n 
load at Vs= 24V, or 1.5W 
(d = 
10%) into an 8n 
load at Vs= 12V. This performance, together with the FM-I F section charac- 


teristics of high sensitivity, high AM rejection and low distortion, 
enables the device to be used in almost 


every type of television receivers. 
The device has no irradiation problems, hence no external screening is needed. 
The TDA 3190 is a pin to pin replacement of TDA 1190Z. 


Vs 
Supply voltage (pin 10) 
Vi 
Input signal voltage (pin 1) 


10 
Output peak current (non-repetitive) 


10 
Output peak current (repetitive) 
Ptot 
Power dissipation: 
at T pins= 90°C 
at Tamb= 
70°C (free air) 
T stg, Tj 
Storage and junction 
temperature 


28 


1 
2 


1.5 
4.3 
1 
-40 to 150 
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IDA 3190 


o RC:75)Js 
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~ 
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resistance 
junction-pins 
Thermal 
resistance 
junction-ambient 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit, 
Vs= 24V, 
Tamb= 
25°C 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V 
Supply voltage (pin 14) 
9 
28 
V 
s 


Vo 
Quiescent output voltage (pin 111 
Vs= 24V 
11 
12 
13 
V 
Vs= 12V 
5.1 
6 
6.9 
V 


Id 
Quiescent drain current 
PI = 22Kn 
Vs = 24V 
11 
22 
45 
mA 


Vs=12V 
19 
40 
mA 


Po 
Output power 
d = 10% 
fm= 400 Hz 
fo= 4.5 MHz 
I'd = ± 25 KHz 


Vs = 24V 
RL= 16n 
4.2 
W 
Vs = 12V 
RL= 
8n 
1.5 
W 


d = 2% 
fm= 400 Hz 
fo = 4.5 MHz 
I'd= ± 25 KHz 
Vs = 24V 
RL= 16n 
3.5 
W 
Vs = 12V 
RL= 
8n 
1.4 
W 


IDA 3190 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vi 
Input limiting voltage (-3 dB) 
fo = 4.5 MHz 
M=±7.5KHz 


at pin 1 
fm= 400 Hz 
PI = 0 
40 
100 
IlV 


d 
Distortion 
Po = 50 mW 
fm=400Hz 


fo = 4.5 MHz 
M=±7.5KHz 
Vs = 24V 
RL= 16n 
0.75 
% 


Vs= 12V 
RL= an 
1 
% 


B 
Frequency responseof audio 
RL = 16n 
Cs=120pF 


amplifier (-3 dB) 
C7=470pF 
PI= 22 Kn 


Rf = a2n 
70 to 12000 
Hz 


Rf = 47n 
70 to 
7000 
Hz 


Vo 
Recovered audio voltage (pin 16) 
Vi;;' 
1 mV 
fo = 4.5 MHz 


fm= 400 Hz 
M=±7.5KHz 
PI = 0 
120 
mV 


AMR 
Ampliture 
modulation rejection 
Vi;;' 
1 mV 
fo = 4.5 MHz 


fm= 400 Hz 
M = ± 25 KHz 
m = 0.3 
55 
dB 


S+N 
Signal to noise ratio 
Vi;;' 
1 mV 
Vo = 4V 
----riI 


fo = 4.5 MHz 
fm= 400 Hz 


( 
M = ± 25 KHz 
50 
65 
dB 


R3 
External feedback resistance 
25 
Kn 
(between pins 9 and 11) 


Ri 
Input resistance (pin 1) 
Vi= 
1 mV 
30 
Kn 


Ci 
Input capacitance (pin 1) 
fo = 4.5 MHz 
5 
pF 


SVR 
Supply voltage rejection 
RL = 16n 
f ripple= 120 Hz 
PI = 22 Kn 
46 
dB 


Av 
DC volume control attenuation 
PI=12Kn 
90 
dB 
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Fig. 1 - Relative audio out- 
put voltage and output noise 
vs. input signal. 
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Fig. 4 - LlAMR 
vs. tuning 
frequency change. 
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Fig. 7 - 
Distortion 
vs. fre- 


quency deviation 


Fig. 2 - Output 
voltage at- 
tenuation 
vs. 
DC 
volume 
control 
resistance. 


Fig. 3 - Amplitude 
modu- 


lation 
rejection 
vs. 
input 


signal 


Fig. 
5 - 
Recovered audio 
Fig. 
6 
Distortion 
vs. 


voltage vs. unloaded Q factor 
output 
power 


of the detector coil 


" 
_ 
-L 
d 
,..•} 
(OJ.) 


V,'lmY 


!o'4.SMHz 
+--l 
_ 
1m 2400Hz 
+ .- 


SOO 
tr.t:!15kH~ j 
-t 
I ~ 


<00 
-J.-. 
--+---+-_ 
~ .- 


JOO 


'00 
+-:-J 


+ 
~:+ 


! :Jt-~~- 


'00 +-r~ 


0 
20 
40 
50 " 
O. 
",., 
"'-. 
PafW) 


Fig. 8 - Distortion 
vs. tun- 
ing frequency change 
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Fig. 
9 
- 
Audio 
amplifier 
frequency response 
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Fig. 
10 
- 
Supply 
voltage 
Fig. 
11 
- 
Supply 
voltage 
Fig. 
12 - Output 
power 
vs. 
ripple 
rejection 
vs. 
ripple 
ripple 
rejection 
vs. 
volume 
supply 
voltage 
frequency 
control 
attenuation 
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Fig. 
13 
- Maximum 
power 
dissipation 
vs. 
supply 
volt- 


age 
(sine 
wave 
operation) 


Fig. 
14 
- Power 
dissipation 
and 
efficiency 
vs. 
output 
power 
II- 


I/ 
P10l 
t- -- 


f-J 
I" 
-- 


I 
V 
I 


4 
/ 


1/ 


Fig. 
15 - Quiescent 
output 
voltage 
(pin 
11) 
vs. supply 
voltage 


The 
electrical 
characteristics 
of the 
TDA 
3190 
rema in almost 
constant 
over 
the 
frequency 
range 4.5 to 
6 MHz, therefore 
it can 
be used 
in all television 
standards 
(FM mod.). 
The 
TDA 
3190 
has a high input 


impedance, 
so it can 
function 
with 
a ceramic 
filter 
or with 
a tuned 
circuit 
that 
provide 
the 
necessary 


input 
selectivity. 
The 
value 
of the 
resistors 
connected 
to pin 9, determine 
the 
AC gain 
of the audio 
frequency 
amplifier. 


This 
enables 
the 
desired 
gain to be selected 
in relation 
to the 
frequency 
deviation 
at which 
the output 


stage of the 
AF amplifier, 
must 
enter 
into clipping. 
Capacitor 
ca, connected 
between 
pins 
10 and 
11, determines 
the 
upper 
cutoff 
frequency 
of the audio 
bandwidth. 
To 
increase 
the 
bandwidth 
the 
values 
of ca and 
C7 
must 
be 
reduced, 
keeping 
the 
ratio 
C7/Ca as shown 
in the table 
of fig. 16. 


The capacitor 
connected 
between 
pin 16 and ground, 
together 
with 
the 
internal 
resistor 
of 10 Kn forms 
the 
de-emphasis 
network. 
The 
Boucherot 
cell eliminates 
the 
high frequency 
oscillations 
caused 
by the 
inductive 
load and the wires connecting 
the 
loudspeaker. 
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APPLICATION 
INFORMATION 
(continued) 


Fig. 16 - Typical application circuit 


L= 10.,H 
00=60 


'0=4.5 
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The 
Rth j-amb of the 
TDA 
3190 
can be reduced 
by soldering 
the GND pins to a suitable 
copper 
area of 
the printed 
circuit 
board 
(Fig. 
18) or to an external 
heatsink 
(Fig. 19). 
The 
diagram 
of figure 
20 shows 
the 
maximum 
dissipable 
power 
Ptot and 
the 
Rth j-amb as a function 
of 
the side "II" of two equal 
square 
copper 
areas having 
a thickness 
of 35" (1.4 mils). 
During 
soldering 
the pins temperature 
must 
not exceed 
260°C 
and the soldering 
time 
must 
not be longer 
than 
12 seconds. 


The external 
heatsink 
or printed 
circuit 
copper 
area must 
be connected 
to electrical 
ground. 


Fig. 
18 
- 
Example 
of P.C. board 
copper 
area 
which 
is 
used as heatsink. 


--g:--- 


;:;c 
---=--- 
•... 


Fig. 
20 
- 
Maximum 
dissi- 
pable 
power 
and junction 
to 
ambient 
thermal 
resistance 
vs. side "II" 


Fig. 
19 - External 
heatsink 
mounting 
example 


Fig. 21 - Maximum 
allowable 
power 
dissipation 
vs. 
am- 
bient 
temperature 


lOA 3310 
LINEAR 
INTEGRATED 
CIRCUIT 


The TDA 3310 is an assembly of 5 NPN transistors 
in 14-lead dual in-line plastic package. The tran- 


sistors of TDA 3310 are designed for low noise and high hFE. Applications are: 


Hi-Fi preamplifiers 
Infrared receivers for TV remote control 
Dictaphones 
C.B. system applications 
Professional audio systems and active filters. 


The collector of each transistor 
of the TDA 3310 is isolated from the substrate by an integrated diode. 


Vs 
Ie 
Ptot 
Tstg' Tj 


Supply voltage 
Collector current (each transistor) 
Total power dissipation at Tamb= 50°C 
Storage and junction temperature 


20 
50 
500 
-40 to 150 


V 
mA 
mW 


°C 


IDA 3310 


Lrl41, W' 


5 
6 
11 
10 
9 
14 


5-3909/1 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
20 
V 


hFE 
DC current gain 
VCE= 5V 
Ic= 100llA 
300 
500 
- 


NF 
Noise figure 
VCE= 5V 
Ic= 100 IlA 
R = 
2 kn. 
1 
dB 
9 
Rg= 10 kn. 
0.5 
4 
dB 


VCE(satj 
Collector-emitter saturation 
Ic=10mA 
18= 
1 mA 
0.3 
V 
voltage 


'CEO 
Collector cutoff current 
VcE=10V 
0.1 
0.5 
IlA 


Fig. 
1 - 
Equivalent 
input 
spot noise voltage and cur- 
rent 
vs. 
collector 
current 


Fig. 2 
- 
Equivalent 
input 
noise current vs. frequency 
Fig. 
3 - 
Equivalent 
input 
noise voltage vs. frequency 


IDA 3310 


Fig. 
5 
- 
Optimum 
source 
resistance 
and 
N F vs. collec- 
tor current 


Fig. 6 - Current 
gain vs. col- 


lector 
current 
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TOA 3410 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
3410 
is a dual 
preamplifier 
with 
tape 
autoreverse 
facility 
for the 
amplification 
of low level 
siqnals 
in applications 
requirinq 
very 
low 
noise 
performance, 
as stereo 
cassette 
players. 
Each 
channel 
consists 
of two 
independent 
amplifiers. 
The 
first 
has a fixed 
gain of 30 dB while 
the 
second 
one 
is an 


operational 
amplifier 
optimized 
for high quality 
audio 
application. 


The 
TDA 
3410 
is a monolithic 
integrated 
circuit 
in a 16-lead 
dual 
in-line 
plastic 
package 
and its main 


features 
are: 


Very 
low noise 


High gain 
Low distortion 
Sinqle 
supply 
operation 
Wide supply 
range 


SVR = 120 dB 
Large output 
voltage 
swing 
Tape 
autoreverse 
facility 
Short 
circuit 
protection 


Supply 
voltage 


Total 
power 
dissipation 
at Tamb= 
60°C 
Storage 
and junction 
temperature 


36 


600 
-40 
to 150 


V 


mW 


°C 


~ 


~ 


TOA 3410 


OUTPUT 
A 
16 
• Vs 


NON 
INVERT. 
15 
OUTPUT 
B 
INPUT 
A 


INVERT. 
14 
NON 
INVERT. 


INPUT 
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INPUT 
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13 
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ELECTRICAL 
CHARACTERISTICS 
(Tamb= 
25°C, 
Vs= 
14.4V, 
Gv= 
60 dB, refer 
to 
the 
test 
circuit, 
unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Is 
Supply current 
Vs= 8V to 30V 
10 
mA 


10 
Output current (pins 1-15) 
Source 
10 
mA 
Vs= 8V to 30V 
Sink 
1 
mA 


Gv 
Closed loop gain 
f = 20 Hz to 20 KHz 
60 
dB 


R; 
I nput resistance 
f = 1 KHz 
50 
80 
Kn 


Ro 
Ou'tput resistance(pins 1-15) 
f = 1 KHz 
50 
n 


THD 
Total harmonic distortion 
Vo~300mV 
f = 1 KHz 
0.05 
% 


f = 10KHz 
0.05 
% 


IDA 3410 


Parameter 
Test 
conditions 
Min. 
Typ. 
Max. 
Unit 


Va 
Output voltage swing (pins 1-15) 
Vs=14.4V 
12 
.v 
Peak to Peak 
Vs~ 30V 
28 
V 


Va 
Output voltage (pins 1-15) 
d ~ 0.5% 
Vs= 14.4V 
4 
Vrms 


f = 1 KHz 
Vs= 30V 
8 
Vrms 


en 
Total input noise (0) 
Rg~ 50.11 
0.25 
l"V 
Rg~ 600.11 
0.4 
0.6 
l"V 


Rg~ 5Kn 
1.3 
l"V 


SIN 
Signal to noise ratio (0) 
Vin~ 0.3 mV 
Rg= 600.11 
57 
dB 


Vin= 1 mV 
Rg~ 0 
73 
dB 


CS 
Channel separation 
f = 1 KHz 
60 
dB 


CT(OOO) 
Cross-talk (differential 
input) 
f = 1 KHz 
80 
dB 


SVR 
Supply voltage rejection (00) 
f = 1 KHz 
Rg= 600.11 
120 
dB 


SVR (00) 
Of reference voltage (Pin 4) 
f = 1 KHz 
100 
dB 


Rg= 600.11 


Vref 
Reference voltage (pin 4) 
55 
mV 


Rref 
Ref. 
voltage 
output 
resistance 
100 
.11 


(pin 4) 


b'vref 
Voltage temperature 
10 
l"V/oC 
~ 
coefficient 


(0) 
The 
weighting 
filter 
used 
for 
the 
noise 
measurement 
has a curve 
A frequency 
response. 


(00) 
Referred to the input. 


(000) 
Between a disabled input and an input ON. 


TOA 3410 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
test circuit, 
Vs= 30V) 


AMPLIFIER 
N° 1 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Gv 
Gain (pins 6 to 5) 
29 
30 
30.5 
dB 


d 
Distortion 
Va= 300 mV 
f = 1 KHz 
0.05 
% 


f=10KHz 
0.05 


en 
Total input noise (0) 
Rg= 600n 
0.4 
jJ.V 


Za 
Output impedance (pin 5) 
f = 1 KHz 
100 
n 


10 
Output current (pin 5) 
1 
mA 


Vs 
DC output voltage (pin 5) 
Vs = 10V 
1.3 
2 
2.7 
V 


Gv 
Open loop voltage gain (pins2tol) 
100 
dB 


Is 
I nput bias current 
0.2 
jJ.A 


Vas 
Input offset voltage 
2 
mV 


las 
I nput offset 
current 
0.05 
).IA 


BW 
Small signal bandwidth 
Gv= 30 dB 
150 
KHz 


en 
Total input noise (0) 
Rg= 600n 
2 
jJ.V 


Rj 
Input impedance 
f = 1 KHz (open loop) 
150 
500 
Kn 


Pin 
VI2 
< 2V 
Vl2 > 4.5V 


6 -10 
OFF 
ON 


7- 
9 
ON 
OFF 


TDA'3410 


Fig. 1 - Total 
input 
noise vs. 


source 
resistance 
(curve 
A) 
Fig. 
2 
- 
Total 
input 
noise 
vs. 
source 
resistance 
(BW= 
22 Hz to 22 KHz) 
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Fig. 
3 
- 
Total 
harmonic 
distortion 
vs. output 
voltage 
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Fig. 6 - Very 
low noise 
stereo 
preamplifier 
for car cassette 
players 
(with 
Gap 
Loss Correction 
and autoreverse 
function) 
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Fig. 9 - Stereo preamplifier 
for car cassette players, with low value 
capacitors (Autoreverse function) 
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APPLICATION 
INFORMATION 


Fig. 12 - Complete 
stereo 
tape 
players 
(10 + 10W) 


, 
~, 


BALANCEy 
.1: VOLUME 
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10A4420 
LINEAR 
INTEGRATED 
CIRCUIT 


VISION 
IF 
SYSTEM 
WITH 
AFC 


• 
HIGH GAIN-HIGH 
STABILITY 


• 
VERY 
LOW INTERMODULATION 
PRODUCTS 
• 
MINIMUM 
DIFFERENTIAL 
ERROR 
• 
CONSTANT 
INPUT 
IMPEDANCE 
INDEPENDENT 
OF AGC 


• 
FAST 
AGC GATING-ACTION, 
LARGELY 
INDEPENDENT 
OF PULSE SHAPE AND 
AMPLITUDE 


• 
ADJUSTABLE 
WHITE 
LEVEL 
• 
LARGE 
AFC OUTPUT 
CURRENT 
SWING (PUSH-PULL 
OUTPUT) 
• 
SWITCHABLE 
AFC 


The TDA4420 
is a monolithic 
integrated 
circuit 
in 18 lead dual in-line 
plastic package. The functions 
in- 
corporated 
are: 


gain controlled 
vision 
IF amplifier 
video demodulator 
controlled 
by picture 
carrier 
AGC detector 
with 
gating facility 
AGC amplifier 
for tuner drive with 
variable delay 
phase comparator 
for AFC current 
generation 


electronic 
AFC switch, controlled 
by a DC threshold 
detector 
thermally 
compensated 
push-pull 
AFC output 
stage. 


Vs 
Vs 


113, 
114 
Ptot 
Tstg• 
Tj 


Supply voltage (pin 15) 
Voltage at pin 5 
Video 
DC output 
current 
Total 
power dissipation 
at T amb .;;; 70°C 
Storage and junction 
temperature 


15 
V 


15 
V 
5 
mA 
1 
W 
-40 to 150°C 
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ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit; 
Vs = 
12V. 
fo = 38.9 
MHz; 


PI 
= 2.5 
Kn; pin 7 connected 
to GND; 
P2 adjusted 
for V 13= 3.3Vpp; 
AFC 
off; 
Tamb= 25°C 
unless 


otherwise 
specified) 


Vs 
Supply 
voltage 
range (pin 
151 
10 
12 
15 
V 


Is 
Supply 
current 
(pin 
15) 
52 
mA 


V14 
Video 
output 
DC voltage 
V13~ 
5.5V 
(1) 
5.6 
V 


V 13 
Video 
output 
DC voltage 
pin 
12 open 
(1) 
4.5 
V 


pin 
12 grounded 
(1) 
7 
V 


V13 
Peak black 
clamping 
level at 
1.75 
1.9 
2.15 
V 


negative video output 


113 
Output 
DC current 
(pin 
13) 
Vs ~ 15V 
V 13~ 8V 
1.6 
mA 


19.110 
DC control 
current 
for 
AFC 
off 
150 
300 
pA 


TDA4420 


15 
Available tuner AGC current 
(2) 
10 
mA 


V7 
AGC gating pulse input peak 
f pulse ~ 15625 Hz (3) 
-1.5 
-3 
-5 
V 
voltage 


Va 
Peak to peak video output 
V13= 5.5V 
(4), (5) 
3.3 
V 
signal (pin 13) 
V13= 6.4V 
(41, (5) 
4.2 
V 


tNj 
AGC range 
(6) 
50 
60 
dB 


B 
Frequency response(-3 dB) 
(4) 
8 
10 
MHz 


Vi 
Input 
sensitivity 
(7), (8) 
100 
150 
200 
I'V 


V13, V14 
Video carrier and video carrier 
Vj=30dB 
fa = 38.9 MHz 
30 
mV 
2nd harmonic leakageat video 
(4) 
2 fo= 77.8 MHz 
50 
mV 
output 


V14 
Sound IF at positive video 
(4), (9) 
30 
mV 
output (5.5 MHz) 


d 
Differential distortion of 
Vj=30dB 


negative 
video 
output 
signal 
(standard staircasemodulating 
3 
% 


signal) 


dim 
I ntermodulation 
product 
at 
(4), (10) 
-50 
dB 


video outputs (1.07 MHz) 


Rj 
Input resistance between pins 
1.4 
Kn 


1 and 18 
(4) 


Cj 
Input capacitance between pins 
2 
pF 
1 and 18 


V16 
AFC voltage range 
(11) 
1 
Vs-1.5 
V 


116 
Maximum 
available AFC current 
(12) 
± 3 
mA 


11116 
AFC slope 
(13) 
±0.01 
mA 
---;;;T 
KHz 


Notes: 
(1) 
V I 3 and V 14 are simultaneously adjustable by meansof the resistanceconnected between pin 12 and ground (P2l. 


(2) 
IIVj = +60 dB (seenote 7); fm = 100 KHz; m = 0.82. 
(3) 
Input at pin 7 through C8. 
(4) 
The input voltage Vi can have any value within the AGC range. 


(5; 
P2 adjusted for V 13= 5.5V or V 13= 6.4V; f m= 100 KHz; m ~ 0.82. 
(6) 
IIVo = 1 dB; fm= 100 KHz; m = 0.82. 


10A4420 


(7) 
The measured amplitude is assumedas 0 dB reference level 'of Vi that is the rms value of the unmodulated video 
carrier (modulation down), ' 


'(8) 
P2 is adjusted In order to have V 13= 3Vpp 'at Vi = 
4 mV, then the sensitivity is obtained as the minimum input 


voltage that maintains this output level. fm= 100 KHz; m = 82%. 
(9) 
fo= 38.9 MHz (video carrier); fa = 33.4 MHz (sound carrier); the amplitude of the'sound carrier is 30 dB below the 
ampIitude of the video carrier. 


(10) Vi at fa = 38.9 MHz (video carrier); fa = 33.4 MHz, 6 dB below Vi (sound carrier); fb = 34.47 MHz, 24 dB below 
Vi (Chroma subcarrier). 
(11) Vi = 40 dB; Rs = R6 = 5.1 KfI.; AFC'on; fa = 39.9 MHz; fa = 37.9 MHz. 
(12) Vi = 40 dB; fa = 39.2 MHz; AFC on; V 16= 6V. 
(13) Vi = 40 dB; fa = 38.9 MHz; f2 = 39.2 MHz; AFC on; V 16= 6V. 


VIDEO 
CARRIER 
INPUT 
LEVEL 
0 dB 


CHROMA 
CARRIER 
INPUT LEVEL,-6 
dB 


SOUND 
CARRIER 
INPUTLEVEL' 
-24dB 


TDA4420 


8' I 
" 
Kn 


~ 
I 
R.l. 
C' 


Rn 
~;, 
I~}I~ 


RTl 
~ll 
WOKll 


ISOpF"""" 
Pos 


_ 
lIy.1O 


TV signal identification 
circuit: 


The suggestedapplication circuit 
is shown in fig. 4. 
The passivecomponents are chosen as follows: 


R1 and R2 
: these define the AFC response slope. For R1 = R2 = 5.1 Kn, the typical slope is 750/11 


KHz/V 
(with AFC output 
unloaded). 


51 
: switches between low slope (L5) and high slope (H5). The high slope is typically 
88/11 


KHz/V. 


10A4420 


R3 and 
R4 
: the 
ratio 
(R3 
+ R4l/R3 
defines 
the 
digital 
AFC width 
(Of) ca!culated 
from 
the 
linear 
AFC 
width 
(2L'lf). With Vs = 12V, the relation 
is: 


Of = 0.036 
(2L'lf) 
R3 + R4 
R3 


Rn 
:by means 
of this 
trimmer 
it is possible 
to align the 
linear 
tuning 
with 
the digital 
one, 
at the 
same frequency. 
The typical 
relation 
is: 


RT2 
: by means 
of this 
trimmer 
it is possible 
to choose 
the better 
sensitivity. 
It is possible 
to put 


a fixed 
resistor 
at pin 11 in the 
range of 68 Kn to 100 Kn. 


To make 
better 
sensitivity 
adjustment 
of trimmer 
RT2, 
it is necessary 
to use only 
a weak 
signal 
at the 


antenna. 
The 
video 
information 
must 
be a black 
picture 
or a field of small wh ite points 
on a black 
field. 


Furthermore, 
the action 
of the syncs separator 
must 
be as quick 
as possible. 
In receivers 
with 
automatic 
program 
search, 
51 should 
be in the 
H5 position 
and then 
the components 


51, 
R1 and 
R2 can be omitted 
completely. 


Vout 
pin 
16 


TOA'420(AFCout) 
low Slope 


lOA 4431 
lOA 4433 
LINEAR 
INTEGRATED 
CIRCUITS 


The 
TDA4431 
and 
the 
TDA4433 
are 
monolithic 
integrated 
circuits 
in a 14 
lead 
dual-in-line 
plastic 
package. 
They 
integrate 
the following 
functions: 


- 
TV signal identificator 
- Sync. 
separator 
- 
Threshold 
detector 
- 
Digital 
Interface 
- 
Voltage 
regulator 


They 
are 
intended 
for use in Electronic 
Program 
Memory 
tuning 
systems. 
the TDA4431 
in conjunction 
with 
M193B1. 
while the TDA4433 
with 
M293B1. 
The circuits 
features 
are: 


Identification 
of true 
TV stations 
only. 


Low impedance 
output 
of the identification 
signal. 


Digital control 
signal for automatic 
search 
and AFC operation. 


Thermal 
compensation 
of the voltage 
regulator. 


Vs 
V3 
V13 


12 
16 
; 12 


110 


111 


112 
Ptot 
Tstg. Tj 


Supply 
voltage 
(pin 1l 
Voltage 
at pin 3 
Voltage 
at pin 13 
Pin 2 current 
(TDA4431) 
Pin 6 and pin 2 current 
(TDA4433l 
Pin 10 current 
Pin 11 current 
Pin 12 current 
Total 
power 
dissipation 
at Tamb .;; lO°C 
Storage 
and junction 
temperature 


16 
V 
16 
V 
-5 to +6 
V 


±1 
mA 
1 
mA 
2 
mA 
2 
mA 


±2 
mA 
800 
mW 
-40 to 150°C 


ORDERING 
NUMBERS: 
TDA 4431 
TDA 4433 


lOA 4431 
lOA 4433 


CONNECTION 
AND BLOCK DIAGRAM 
(TDA4431) 
(Top view) 


,. 
GNO 


OUTPUT 
" 


VIDEO 
SIGNAL 
~~~':~;TA1L 
INPUT 


AFe 
"5" 
3 
" 


H 
FLVBACK 


CURVE 
INPUT 
INPUT 


VIDEO 
STABILIZED 
SEN!:.ITlVITV 
SIGNAL 
VOLTAGE 
OUT 
CONTROL 


IDENTIFICATION 


'0 


IDENTIFICATION 


TIME 
CONSTANT 
SIGNAL 
OUTPUT 


NC 
N C 
SENSITIVITY 
CONTROL 


N.C. 
NC 
~ 
~~----J 


Io 


j 
1 


CONNECTION 
AND BLOCK DIAGRAM 
(TDA4433) 
(Top view) 


GNO 


" 


VIDEO 
SIGNAL 
~~~I:~:TA.:rL 
INPUT 


" 


H 
FLYBACK 
INPUT 


SENSITIVITY 
CONTROL 


10 
IDENTIFICATION 
SIGNAL 
OUTPUT 


N C 
SENSITIVITY 
CONTROL 


NC 


;::0---=·-11 
y-. 


IDA 4431 
IDA 4433 


o or )\,(OC' 
0 
A6 
5'a 
Jl 


Hor.Ftyback 
In 
12 
0 
"9 


.Jj:' 
H 


, 
out 
B 


I 


DigiTal 
AFC 
l 
: 
(*'1outTDA'433H~ 
' 
out 
A 


: 
L 


.Vs:12 
V 
'od~.9 
MH~ 


Oi."aIAFe r 
out 
TOA 
44311: 
I 


(no 
ld~nt.l 
; 


Identil. 
out HI 


~L 


Cidf'nU 


o 
orJv(DC) 
o 
tro-~r 


Pos 
vidt'o 
In 


S.6Kn. 
, 


~~0J:~- 


SI 
A: 
Static 
tests 


B : Functional 
tests 


S2 
A : DC or pulses 
width 
B : Functional 
tests 
PI 
Digital 
AFC perfect 
tuning 


P2 Sensitivity 
control 


ELECTRICAL 
CHARACTERISTICS 
(refer 
to 
the 
test 
circuit; 
V5 


otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage range (pin 1) 
10.8 
14.5 
V 


Is 
Supply current (pin 1) 
V5 = 14.5V 
30 
mA 


V2 
Output voltage: low 
ftuning 
< fo 
0.8 
V 


medium 
ftunin£, 
= fo 


Vs = 10.8 to 14.5 
5.5 
8.5 
V 


high (TDA4431) 
ftuning> 
fo 
Vs-0.5 
V 


V2 
Output voltage 
ftuning < fo 
12 = 1mA 
Vs-0.5 
V 


ftuning = fa 
0.8 
V 


(TDA44331 
ftuning> 
fo 
0.8 
V 


TOA 4431 
TOA4433 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


V6 
Output voltage 
ftuning < fa 
16 = 1mA 
0.8 
V 


ftuning 
= fa 
16 = 1mA 
0.8 
V 


(TDA4433) 
ftuning> 
fa 
Vs-Q·5 
V 


12 
Output current 
± 25 
JlA 


(TDA4431) 


V3 
Input voltage range 
4 
8 
V 


V3U 
Upper threshold voltage 
V4-25 
V4 
V4+25 
mV 
(seefig. 2) 


V3L 
Lower threshold voltage 
V4-425 
V4-400 
V4-375 
mV 
(seefig. 2) 


R3 
I nput resistance 
V3=V4 
1.4 
Mn. 


V4 
Regulated voltage 
14 = 1mA 
6.6 
V 


14 
Output current 
1 
mA 


R4 
Output differential 
resistance 
60 
n. 


t>V4 
Regulated voltage thermal drift 
t>Ts 


± 2 
mV/oC' 


VlQ 
Identification 
no identification 
11O=1mA 
Vs-1.3 
V 
output 
voltage 
identification 
20 
mV 


RIO 
Output 
resistance 
100 
n. 


V12 
Switch off threshold voltage 
1 
V 


112 
Input flyback current 
0.5 
1.5 
mA 


Rl2 
Input resistance 
V 12= 3V 
10 
Kn. 


tfly 
Flyback pulse duration 
10 
17 
IJsec. 


t 
Time delay between leading 
0 
3.5 
J1 sec. 


edgesof fly back pulse and 
sync. pulse 


V13 
Video input signal 
(peak to peak) 
2.5 
4.5 
V 


V13 
Sync. pulse amplitude 
0.52 
V 
(above black level) 


R13 
Input resistance 
1.5 
Kn. 


TDA4431 
TDA4433 


Fig. 
1 - Medium 
output 
vol- 
tage Vs. Supply 
voltage. 
Fig. 
2 
- 
Digital 
AFC 
thre- 
shold 
voltage 
vs. frequency. 


I 


VI 


.u/' 
./ 


./ 
V 


./ 
;:- 
./ 


./ 
~./ 


./ ./ 


TDA4431 
- 


TDA4433 
Input Voltage 
(V3) 
Output voltage 
Output voltage 
Output voltage 


(Vz) 
(Vz) 
(V6) 


V3> 
V4 
Low level 
High level 
Low level 


V 4-DAV < V 3 < V4 
Medium level 
Low level 
Low level 


V3 < V4-DAV 
High level 
Low level 
High level 


TV signal identification 
circuit: 


The 
circuit 
recognizes 
only 
TV 
signals 
by 
checking 
logically 
during 
one 
line the 
coincidence 
between 


the horizontal 
flyback 
pulse and the pulse detected 
by a sync. 
separator. 


The 
signal 
identification 
is carried 
out 
by charging 
the capacitor 
connected 
to pin 5; when 
the capacitor 
voltage 
overcomes 
a fixed 
threshold 
voltage, 
a Schmitt 
trigger 
switches 
and enables 
the AFC control. 
If 


a TV signal is recognized, 
the capacitor 
is slightly 
charged 
every 
line and its voltage 
reaches 
the threshold 


after 
a number 
of line which 
is defined 
by the 
value 
of the 
capacitor 
itself. 
The sensitivity 
of the 
iden- 
tification 
circuit, 
hence 
the 
number 
of lines required 
to charge 
the capacitor, 
can be adjusted 
by means 


of the resistor 
connected 
between 
pin 11 and ground. 


When the 
identification 
has been 
made, 
a signal 
(level L) is available 
at pin 10. 


1044431 
1044433 


Threshold 
circuit: 


The 
circuit 
detects 
3 ranges 
of AFC voltage 
and in combination 
with 
the TV signal 
identification 
circuit 


drives 
the electronic 
switches. 


With a correct 
TV signal, the output 
levels corresponding 
to the 3 ranges 
are: 


TDA4431 
TDA4433 


(V2) 
(V2) 
(V6) 


fa - ~f 
L 
H 
L 


fa 
M 
L 
L 


fa + 6f 
H 
L 
H 


L = 
Low level 
M = Medium level 
H = High level 


Note 
that 
the output 
levels are different 
for the two devices. 


The 
TOA4431 
provides 
three 
output 
levels: 
low 
(Ll, 
medium 
(M) and 
high 
(H). The 
output 
at pin 2 


remains 
at medium 
level if no video 
signal 
is applied 
at the 
input 
or if a video 
signal 
is applied 
but 
is not 


identified 
as a true 
TV signal. 


The 
TOA 
4433 
has two 
separate 
outputs 
which 
can 
have 
only two states, 
high (H) or low (L). The out- 


puts 
at 
pin 
2 and 
at pin 6 remain 
at a low level with 
no video 
signal 
input 
or with 
a video 
signal 
not 
identified 
as a true 
TV signal. 
Both 
pin 2 and 
pin 6 are open 
collector 
outputs 
and 
must 
be pulled-up 


to the 
positive 
supply 
voltage 
by external 
resistors. 


Voltage 
Regulator 


The 
circuit 
can 
deliver 
1mA and it can be used as Of A converter 
reference 
to supply 
fine tuning 
voltage. 


Digital AFC out 


(TDA 
4433 
only) 


Digital AFCout 
(TDA4431and 
TDA 4l.J) 


47 
Kfi 


"~ 


lS0P~ 


TOA 4431 
TOA4433 


R 1 and 
Rz 
: these 
define 
the 
AFC 
response 
slope. 
For 
R 1 
KHz/V 
(with 
AFC output 
unloaded). 


51 
: switches 
between 
low slope 
(L5) 
and 
high slope 
(H5). 
The 
high slope 
is typically 
88/11 


KHz/V. 


R3 and 
R4 
: the 
ratio 
(R3 + R4)/R3 
defines 
the 
digital 
AFC 
width 
(Of) 
calculated 
from 
the 
linear 
AFC width 
(2L'lf). With Vs = 12V, the relation 
is: 


RT 1 
: by 
means 
of 
this 
trimmer 
it is possible 
to 
align 
the 
linear 
tuning 
with 
the 
digital 
one, 
at the same frequency. 
The typical 
relation 
is: 


: by 
means 
of this 
trimmer 
it is possible 
to choose 
the 
better 
sensitivity. 
It. is possible 
to 


put a fixed 
resistor 
at pin 11 in the range of 68 Kn 
to 100 Kn. 


To make 
a better 
sensitivity 
adjustment 
of trimmer 
RTZ, 
it is necessary 
to use only a weak 
signal at the 
antenna. 
The 
video 
information 
must 
be a black 
picture 
or a field of small white 
points 
on a black 
field. 


Furthermore, 
the action 
of the syncs separator 
must 
be as quick 
as possible. 


In receivers 
with 
automatic 
program 
search, 
51 should 
be in the 
H5 position 
and then 
the components 


51, 
R 1 and 
R2 can be omitted 
completely. 


You! pin 16 
TDAI.420(AFCout) 
Low Slope 


TOA 4431 
TOA4433 


1 


M 
193 


~-~"_M193A 
M 193C 
------ 


__ 
T_D_A_4_43_3_~ 
~ 
1__ 
M_2_93 
_ 


TDA 4433 
p.P 


L 
::,. 


"'" 
7" 


fJ.p 
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lOA 72708 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 72705 
is a multifunction 
monolithic 
integrated 
circuit 
in a 16-lead 
dual 
in-line 
plastic 
package 
specially 
designed 
for 
use in car 
radios 
cassette 
players, 
but 
suitable 
for all applications 
requiring 
tape 
playback. 
It has the following 
functions: 


Motor 
speed 
regulator 
Automatic 
stop 
Manual 
stop 
Pause 
Cassette 
ejection 
Radio 
- 
Playback 
automatic 
switching. 


The circuit 
incorporates 
also: 


Thermal 
protection 


- 
Short 
circuit 
protection 
to ground 
(all the pins) 


V. 
11 


15 
Ptot " 


T stg; Tj 


Supply 
voltage 
Sink peak current 
at pin 1 
Sink peak current 
at pin 5 
Power 
dissipation 
at Tamb 
~ ao°c 
Storage 
and junction 
temperature 


20 
2 
2 
1 
-40 to 150 


~ 


~ 


lOA 72708 


CONNECTION 
DIAGRAM 


(top view) 


+VSQ 


LSJ 
:C~~Sl 


RELAY 
( 
1A 
MAX) 


" 


MOTOR 
SPEED 
'5 


REG. 


14 


CASS. 
SWITCH 
t. 
'3 


GNO 
RELAY 
" 
DRIVER 


AUT. 
STOP 
11 


EJECTION 
'0 


Vs 


~*J21' 


lOA 72708 


IDA 72108 


'A 
,V5 


1mA 
" 


B oS7 
13 Kn 


10Kfi 


1Mtl 
10Kfi 
{f8 


A 


1°8 
80'l 
5, 
53 
5, 


5-l89' /1 


Thermal 
resistance 
junction-ambient 
Thermal 
resistance 
junction-pins 


°C/W 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(Refer 
to 
the 
test 
circuit; 
Tamb= 
25°C; 
Vs 


B, unless 
otherwise 
specified) 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply voltage 
6 
18 
V 


Id 
Quiescent 
drain 
current 
Automatic 
stoP-S3 
at B; 
5 
10 
S4 at B 
mA 


Pause - S3 at A; S4 at A 
9 
15 


15 
Maximum 
output 
current 
150 
mA 
for relay driving 


TSd 
Thermal 
shut-down 
case 
Ptot 
= 1W 
105 
125 
°C 


temperature 
(l:1Vret 
= -5%) 
Vref 


IDA 72708 


IMS 
Starting current (pin 1) 
1 
A 


Vref 
Reference voltage (pin 2-3) 
IM= 100mA 
1.15 
1.25 
1.35 
V 


i'>Vref /i'>V 
IM=100mA 
0.1 
0.4 
%/V 
Vref 
S 
Vs = 8 to 18V 


i'>Vref /i'>IM 
IM= 50 to 400 mA 
0.01 
0.03 
%/mA 
Vref 


i'>Vref /i'>T 
IM= 100 mA 
0.01 
%/oC 


Vref 
Tamb= -20 to 700C 


V2 
Operating voltage 
IM= 100mA 
f:J.Vref 
= -5% 
V 
Vref 
2.4 


K 
Reflection coeff.(K= 
1M/IT 
IM= 100mA 
18 
20 
22 
- 


seefig. 12) 


~/i'>V 
IM= 100mA 
0.3 
1 
%/V 
K 
5 
Vs= 8V to 18V 


~/i'>IM 
IM= 50 to 400 mA 
0.005 
0.02 
%/mA 
K 


~/i'>T 
IM= 100mA 
0.01 
%/oC 
K 
T amb= -20 to 70°C 


13 
Current 
consumption 
S4 at A 
1.4 
mA 


VS-1 
S4 at A 
0.2 
V 


17 
S2 in A 
20 
jJ.A 


VS-S 
Saturation voltage 
15= 100 mA 
2.1 
3 
V 


Vs 
Saturation voltage 
Is-s= 
1.5A 
2.2 
3 
V 


V4 
(Pausecondition) 
Sl at A 
S3 at A 
S4 at A 
6 
V 


V4 
(Radio) 
Sl at A 
S3 at B 
S4 at B 
6 
9 
V 


V4 
(Tape) 
Sl at A 
S3 at A 
S4 at B 
1.7 
V 


Ro 
Output impedance at pin 4 
S3 at B 
16 
22 
K.I1 


VS-1 
Saturation 
voltage 
Sl at B 
S2 at B 
S3 at B 
1 
jJ.A 


16 
Minimum 
current 
to avoid 
Sl at C 
1 
jJ.A 
stop 


17-S 
Load 
current 
for 
delay 
circuit 
16= 0 
S7 at A 
S2 at B 
10.5 
15 
19.5 
jJ.A 


lOA 72708 


Fig. 1 - 
Reference 
voltage 
vs. supply voltage. 


I 
I 


IMal00mA 


I 


/ V 


I 


Fig. 4 - Saturation 
voltage 
(pins 5-8) vs. pin 5 current. 


/' 
/" 
/' 


Fig. 2 - 
Reference 
voltage 
vs. motor current. 


I 


..,s·14V 


'-- 


I 


Fig. 
5 
- 
Reflection 
coef- 
ficient vs. supply voltage. 


Fig. 
7 - 
Reflection 
coef- 
ficient 
vs. ambient 
tempe- 
rature. 
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Fig. 3 - 
Reference 
voltage 
vs. ambient temperature. 
, 


I 
I 


..,s·14\1 


1••••=100mA 


I 


Fig. 6 
- 
Reflection 
coef- 
ficient vs. motor current. 


, 


"s·1 , 


Fig. 8 - 
Pin 
1 saturation 
voltage vs. motor current. 
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The TDA 72705 
incorporates 
four different 
functional 
blocks: 


1) Motor 
speed 
control. 


2) Autostop 
circuit. 
3) Radio/Playback 
switching 
4) 
Relay driver. 


The 
motor 
speed 
control 
is a conventional 
circuit 
providing 
correction 
for 
the 
internal 
losses of the 


motor. 
Fig. 9 shows 
the external 
circuit. 


The values 
of RT• Rs and 
RK determine 
the regulation 
characteristics 
and motor 
speed. 


RT = 
K' 
RM 


where 
K = the 
IC regulator 
reflection 
coefficient 
and 
RM = motor 
internal 
resistance. 


The following 
condition 
must 
be always 
satisfied 


Rs ~ 
4 RT 


The voltage 
appl ied across 
the motor 
is given by 


RT 
V8_1 = V,ef 
[1 
+ -R- 


5 
(1+-K 
1 
) + 
~]Rs 


and this is proportional 
to RK which 
therefore 
adjusts 
the speed. 
The voltage 
between 
pin 2 and the supply 
must 
not fall below 
0.3V 
and so 


RT 
RT 
[V,ef 
m,n 
(-R--) 
+ 
1M 
m,n 
(---) 
] > 0.3V 


5 
Kmax 


The 
"pause" 
condition 
corresponds 
to V 3 < 50 mV; in this condition 
the motor 
will stop (V 1-8 < O.2Vl. 


the 
capacitor 
C2 on the 
autostop 
circuit 
(see below) 
will no longer 
be charged 
and 
the pin 4 (cassette/ 


radio 
switch 
output) 
will be pulled 
high. 
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The autostop 
circuit 
is shown 
in fig. 10. 


In normal 
operation 
the 
capacitor 
C2 (22" 
F) is slowly 
charged 
by a constant 
current 
drawn 
by pin 7 of 


15 "A, 
and 
each 
time 
the 
pulser 
(a switch 
on the 
cassette 
take-up 
speed 
shaft) 
closes, 
C2 is discharged. 
If the cassette 
stops, 
and the pulse 
stops, 
the voltage 
on pin 7 falls. 


This 
switches 
the 
power 
amplifier 
state 
and 
pin 5 goes 
low. 
Pin 5 can be used for one of two 
purposes: 


1) to drive a stop warning 
light connected 
from 
pin 5 supply 
Vs' 


2) to actuate 
a solenoid 
wired 
either 
to ground 
(to release the cassette) 
or to supply(to 
eject the cassette). 


8 


22.uF 


C2 


6 
O.l.uF 


-8>--; 


I 
I 
I 
5 


The pause 
and/or 
cassette/radio 
switching 
shown 
in fig. 11 has an input/output 
on pin 4. 


If pin 4 is not used 
it should 
be grounded. 


l 


CASS-,N 


5-4360 


CassIN 
Pause 
Pin 4 
Function 


Open 
Open 
>6V 
motor off/radio 
on 


Open 
Close 
>6V 
motor off/radio 
on 


Close 
Open 
< 1.7V 
motor 
on/casso 
on 


Close 
Close 
>6V 
pause/rad io on 


'I 


EJECTION 


T 21 CASSETTE 
1.SWITCH 
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DESCRIPTION 
OF 
OPERATION 
(Refer 
to fig. 12) 
When 
the 
cassette 
is introduced 
the 
switch 
T 2 closes, 
the 
motor 
start 
to 
turn 
and 
the 
rotary 
switch 
generates 
the 
pulses 
which 
keep 
the 
levels of pin 5 and 
pin 7 high. 
A relay 
between 
pin 5 and 
ground 
holds 
the 
cassette. 
If there 
are no pulses 
at pin 6 (because 
tape 
stopped) 
or if the ejection 
switch 
T 1 is 
closed, 
the 
voltages 
at pin 5 and 
pin 7 drop; 
the 
relay 
is thus 
de-energized 
and 
the 
cassette 
ejected; 
as 
soon 
as the 
cassette 
is ejected, 
the 
switch 
T 2 opens 
and the 
motor 
stops. 
The 
capacitor 
at pin 7 dis- 
charges 
allowing 
the system 
to start 
again when 
another 
cassette 
is inserted. 
In other 
types 
of mechanical 


systems 
the 
cassette 
is ejected 
by energizing 
a relay; 
in this case the 
relay 
must 
be connected 
between 


pin 5 and the supply; 
the sequence 
of operations 
is then 
the same as described 
above. 
If the pause 
switch 


T 3 is closed. 
the 
motor 
stops 
even 
though 
there 
are no pulses 
at pin 6, the voltage 
levels at pins 7 and 


5 remain 
high so the cassette 
is not ejected 
and the motor 
is ready 
to start 
again as soon 
as the pause 
key 
is released. 
A voltage 
for driving 
the 
radio-tape 
switching 
is available 
at pin 4. This voltage 
level is high 


(> 6V) with 
stopped 
motor 
and is low 
« 
1.7V) 
with 
running 
motor. 


Recommended 
Larger than 
Smaller than 
Allowed 
range 
Component 
value 
Purpose 
recommended 
recommended 
value 
value 
Min. 
Max. 


R1 
10 Kn 
Limits 
current 
Delayed ejection. 
High driving 
0 
100Kn 
from pin 7 
Possibility that 
current 
at pin 7 


ejection 
does 
not 


work 


R2 
560 Kn 
By rotary switch 
Undesired 
Possibility of 
100Kn 
2Mn 
it produces 
pulses 
operation 
of 
audio 
interference 
which disable the 
automatic 
switch 
spikes 


automatic 
stop 


R3 
10 Kn 
Limits 
the 
motor 
Reference 
voltage 
Higher 
motor 
1Kn 
47Kn 


current 
during 
variation 
current 
during 


pause (T3 c10sedl 
pause (T3 closed) 
with delayed stop 
of motor 


R4 
2.2 Kn 
Fixes voltage of 
Voltage at pin 4 
Voltage at pin 4 
1.5Kn 
2.7Kn 


pin 4 during pause 
increases 
decreases. 
Radio- 


and playback 
Playback switching 
could not work 


Rs 
560 Kn 
Compensates 
for 
Limited 
Necessity to 
100Kn 
00 


current 
loss 
compensation 
increase 
C1 and 
between pin 6 
decreaseR2 
and ground 


R6 
1 Mn 
Compensatesfor 
Limited 
Possibility that 
560Kn 
00 


current 
loss 
compensation 
automatic 
stop 


between 
pin 
7 and 
will 
not 
work 
ground. Also 


reduces 
recovery 


time 


RT 
K·RM 
Compensates 
for 
Danger of 
Poor speed 
Seenote 


(typical values) 
vol tage drops at 
oscillations 
regulation 
versus 
on next page 


motor 
terminals 
!'>IM 
vs.!'> 1M 
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Recommended 
Larger than 
Smaller than 
Allowed range 


Component 
value 
Purpose 
recommended 
recommended 


value 
value 
Min. 
Max. 


Rs 
Fixes the current 
Danger of 
Impossibility 
to 
4 RT 
value in RT and 
saturation of non 
obtain a low motor 
and RK for IM= 0 
inverting input of 
speed 
See Note (.) 
regulator (pin 21. 
Considerable speed 


va riati on for 
small 


variation of RK 


RK 
Fixes the 
Wide speed 
Limited speed 
See Note (0) 
requested VB-l 
variation versus 
variation versus 


t> RK 
t> RK 


Cl 
0.' ).LF 
DC isolation 
Electrolytic 
Undesired 
0.047 
capacitors cannot 
automatic 
stop 
).LF 
be used 


C2 
22 ).LF 
Integrates the 
High recovery time 
Low recovery time. 
pulses of the rotary 
Undesired 
3.3 ).LF 


switch 
automatic 
stop 


C3 
'O).LF 
By pass 
Wow and flutter 
Instability 
at low 
5 ).LF 
22 ).LF 
problems 
temperature 


Rotary 
20 Hz 
Keeps automatic 
Possibility of audio 
Necessity to increase 
switch 
stop off 
interference spikes 
Cl and C2 
frequency 


NOTE (0): 


VB-l= 
Vret 
[, 
+ ~ 
(' + -'-) 
+ ~) 
from which it can be seenthat VB_l varies linearly with RK. 
Rs 
K 
Rs 


The voltage between pin 2 and the supply must not fall below 0.5V, so the following 
expression must be verified 


RT 
RT 
[Vretmin 
(--)+IMmin 
(---)) 
> 0.3V 
Rs 
Kmax 


During the pause, the voltage between pin 3 and ground must be lower than '.3V. 


Fig. 
13 
- 
Speed 
variation 
vs. supply 
voltage 


Fig. 
14 
- 
Speed 
variation 
vs. motor 
current 


) 
I 
I 
I 


1.4.100mA 
, 


I 
I 
- 
. 


I 
, 


, 
I 


Vs.,14V 
- 


I 


I 
- 


I 
i 


I 


I 


Fig. 
15 
- 
Speed 
variation 
vs. ambient 
temperature 


I 
I 
~ 


Vs.14V 
,.) 


[M:lOOmA 


'S 


0 
0 


-s 
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Fig. 16 - Delay 
time 
of the 
relay driver 
(C2= 2.2 IlF) 


::,IJ" 


STOP 
RT 
10,uF 


I 


I 
I 


IJOLTAG E 


V51 


I u 


AT PIN 
5 
I, 


I 


I 
. 


5-3898,1 
05 
. , 
15 
t (see) 


The circuit 
shown 
in fig. 17 offers 
the following 
functions: 


1) motor 
speed 
regulation 
2) automatic 
stop 
3) autostop 
warning 
light 
4) pause. 


The 
circuit 
incorporates 
an additional 
resistor/diode 
from 
pin 3 to pin 5. When 
the 
cassette 
stops, 
and 
the pulser 
no 
longer 
generates 
pulses, 
pin 5 falls to a low level and the stop 
indicator 
is on. 


Pin.3 
is pulled 
low through 
the 
1 Kn resistor 
and 
the 
diode, 
however 
pin 3 must 
not 
be pulled 
lower 
than 
1.3V 
since 
this 
would 
cause 
pin 5 to go high again. 
The current 
of about 
1 mA out 
of pin 3 causes 


V 3--5 to be about 
1.5V. 


In this way the motor 
remains 
stopped 
and pin 5 remains 
low. 


Fig. 
18 - Example 
of heatsink 
using PC board 


copper 


L 
---- ... 
1 C5-0100 
--65mm 
- 


Figures 
18 and 
19 show 
two ways 
to make 
the device 
dissipate. 


In both 
cases, 
R1h= 
35°C/W. 


TDAmo 
LINEAR 
INTEGRATED 
CIRCUIT 


The 
TDA 
7770 
is a monolithic 
integrated 
circuit 
in a 12 lead quad-in 
line plastic 
package. 
It is intended 
for use in recordinq 
and playback 
systems. 


The functions 
incorporated 
are: 


Motor 
speed 
regulator 


Automatic 
stop with 
indicator 
lamp 


DC manual 
stop 
(pause) 
Biasing and erasing 
oscillator 


Automatic 
level control 
of oscillator 
signal 
DC record-playback 
switching. 


vs 
Supply 
voltage 


Ptot 
Total 
power 
dissipation 
at 
Tamb < 80°C 


at Ttab 
<90°C 
T stg' Tj 
StQrage 
and junction 
temperature 


20 
1 
5 
-40 to 150 


TDAmo 


SToP 
INDICATOR 
12 
AUT 
STOP 
TIME 


CONSTANT 


MANUAL 
STCP 
11 
I MOTOR 


SPEED 


AUT 
SToP 
SWITCH 
10 
I REGULATOR 


GROUND 
GROUND 


OS( 
OUTPUT 
,'5 


FEEDBACK 
RIp 8 
SWITCH 


A LC 
INPUT 
ALe 
TIME 


CONSTANT 


BLOCK 
DIAGRAM 


.', 


I 


1 


1 


~ 
--11 


IT 
.1. 


.1+ 


T "i,A 
.1 
" 
I 
I, 
ROTARY 


±l 


SWITCH 


J. 


n- 
TABS 
.1 


TI 
~. 
T 1 
i 
~I 
II'1. 
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TAB 


TOA 7770 


" 
'0 
TAB 


'Mn 


So 
L 


B0 1 
A 


SWITCHES 
POSITION 


TEST 
S, 
S2 
S3 
S4 
S5 
S6 
S7 
Sa 


GENERAL 
Id 
I 
I 
I 
I 
I 
I 
B 
B 


M.S.C." 
Vref; 
IMS 
I 
I 
I 
I 
I 
I 
A 
I 
K 


VAL 
I 
I 
I 
A 
A 
I 
I 
B 


VAH 
I 
I 
I 
A 
C 
I 
I 
B 
B.E.O."" 


IA 
I 
I 
I 
A 
C 
I 
I 
B 


VS-4 
I 
I 
I 
A 
C 
I 
I 
B 


MANUAL 


12 
I 
A 
B 
I 
I 
I 
I 
B 


STOP 


I 
Vref 
A 
B 
I 
I 
I 
I 
B 


AUTOMAT. 
Vref 
I 
B 
I 
I 
I 
A 
A 
B 


STOP 
1, 
I 
A 
I 
I 
I 
I 
A 
B 
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Rth j-amb 
Rth j-case 


Thermal 
resistance 
junction-ambient 
Thermal 
resistance 
junction-case 


°C/W 
°C/W 


Parameter 
Test conditions 
Min. 
Typ. 
Max. 
Unit 


Vs 
Supply 
voltage 
4 
18 
V 


Id 
Quiescent drain current 
Vs=18V 
10 
13 
30 
mA 


Vrel 
Reference 
voltage 
(between 
Vs = 12V 
1.2 
1.3 
1.4 
V 
pins 10 and 11) 
IM= O.lA 


111 
Quiescent drain current 
Vs = 12V 
IM= 100l"A 
7 
12 
I"A 


IMS 
Starting 
current 
(pin 10) 
Vs = 6.2V 
Vl1=5V 


li Vrel/V rel= -50% 
1 
A 


K(llOlIll) 
Reflection coefficient 
Vs = 12V 
IM= O.lA 
18 
20 
22 


~/liV 
Vs=6V1018V 


K 
s 
IM= O.lA 
0.42 
%IV 


~/l>lM 
Vs = 12V 


K 
IM= 25 to 400 mA 
0.005 
%lmA 
.. - 


~/liT 
Vs=12V 
IM= O.lA 
K 
T amb= -2QoC to 7QoC 
0.01 
%/"C 


.- 


liVrellliV 
Line regulation 
Vs = 6V to 18V 
0.18 
%/V 
Vref 
5 
IM= O.lA 


liV 
Load 
regulation 
Vs= 12V 
~/lilM 
0.002 
%/mA 
Vret 
IM= 25 to 400 mA 


liVrellliT 
Temperature 
coefficient 
Vs = 12V 
IM= O.lA 
r 


Vref 
Tamb= -20"C 
to 7ff'C 
0.03 
I 
%/"C 


Vl1 
Minimum 
supply 
voltage 
1= O.lA 
6Vref/Vrer'= 
-5% 
2.6 
V 


V4L 
Saturation 
voltage 
to GND 
Vs = 9V 
R4= 
6011 V5= 1V 
1.3 
2 
V 
I 


V4H 
Saturation 
voltage 
to supply 
Vs = 9V 
R4= 
60l! 
V5= 8V 
1.3 
2 
V 
1 


14 
Output 
peak current 
Vs = 9V 
150 
mA I 


V5-4 
Offset 
voltage 
Vs = 9V 
200 
mvl 
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12 
Current consumption 
Vs = 9V 
52 = A 
3.5 
mA 


Vref 
Reference voltage (between 
Vs = 9V 
52 = A 
0.1 
V 
pin 10 and 11) 


Vref 
Reference voltage (between 
Vs = 9V 
52 = B 
0.15 
0.3 
V 
pins 10 and 11) 
56 = A 


11 
Lamp driver current 
Vs ~ 9V 
150 
mA 
53 ~ B 


Fig. 
1 - 
Reference 
voltage 
vs. supply 
voltage 


I 
I 


I 
I 


•• 
lM·2~mA 


- 
- 
IM,IOOmA 


_.- 
I"" 
• {,OOm", 


: 
I 
I~ 


I 
- -I 
I 


i 


Fig. 
4 
- 
Reflection 
coef- 


ficient 
vs. 
supply 
voltage 


Fig. 
2 
- 
Reference 
voltage 


VS. motor 
current 


[ 
I 


.'."'5.611' 


'oIS' 
12 II' 
._, 
.1811' 


-- 
.. -. '-. 
'0 
_. '- _. .. 


I 


Fig. 
3 
- 
Reference 
voltage 


VS. ambient 
temperature 


I 


f-- f--I Iw""'m~l 


"'5,1211' 
I"· 
I 
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I 
, 


I 
I 


I 


Fig. 
6 
- 
Reflection 
coef- 
ficient 
vs. 
ambient 
tem- 
perature 
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I 
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I 
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Fig. 
5 
- 
Reflection 
coef- 
ficient 
VS. motor 
current 
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C2 


::I!1JF 


12 


MOTURIO Moi~:s 
REC~C3 
STOP 
5, 
ON 
~B 
52 
01,uF 
C4 


Iznf 


R 3 
12 
.11 
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Information 
for the 
automatic 
stop 
circuit 
is performed 
by a rotary 
switch 
or optical 
device; 
when 
the 


motor 
is stopped, 
the 
oscillator 
switches 
off and the indicator 
lamp switches 
on. The manual 
stop 
of the 


motor 
does 
not 
turn 
on 
the 
lamp. 
The 
oscillator 
provides 
a low distortion 
sinusoidal 
voltage 
and 
its 
amplitude 
is indipendent 
of supply 
voltage 
and 
head 
characteristic 
variations 
(ALe): it can by adjusted 


by 
Pl' 


_~n 11IIM 
Eg = 5.4V 
RM= 25.511 
see fig. 
9 


lI!'_/lIT 
Eg = 5.4V 
IM= 0.1A 
see fig. 10 
n 
RM= 25.511 


Id 
Current 
consumption 
Q= 40 
10 
mA 


Q= 
20 
20 
mA 


d 
T atal armonic distortion 
Ve= 20 Vrms 
fo= 64 KHz 
Q= 40 
0.25 
% 


Q= 
20 
0.3 
% 


liVe 
Vs=8t018V 
0.03 
%IV 
--v;-/lIVs 
Ve = 20Vrms 
see fig. 
13 


liVe 
11IQ 
Q = 40 to 20 
0.1 
% 


Ve 


liVe 
11IT 
Q = 40 
. 


Ve 
Tamb= -20"C 
to 70nC 
0.025 
%rC 
see fig. 
14 


fo 
Oscillator 
frequency 
L= 1 mH 
Q= 40 
64 
I 
KHz 
Ve = 20 Vrms 


Mo 
Vs = 8 to 18V 
0.005 
t";;/lIVs 
Q= 40 
see fig. 
11 
%IV 


Mo 
Q = 40 
0.09 
%/"C 
~/lITamb 
T = -20" 
to 70"C 
see fig. 12 
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Fig. 
9 - Speed 
variation 
vs. 
motor 
cu rrent 


Fig. 12-0scillator 
frequency 


vs. ambient 
temperature 


I 
I 


Vs :12" 
I 
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Fig. 
10 
- 
Speed 
variation 
vs. ambient 
temperature 


Fig.11-0scillatorfrequency 
vs. supply 
voltage 
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" 
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Fig. 
13 
- 
Erase 
voltage 
vs. 
supply 
voltage 


I 


fo·6/"IIHz 
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Fig. 
14 
- 
Erase 
voltage 
vs. 


ambient 
temperature 
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The 
circuit 
of fig. 
7 can 
be adapted 
for 
battery 
operation 
(V 5= 9V) 
only 
changing 
the 
value 
of 
R6 
(R6 = 27017.). The following 
table 
gives the performance 
for this appl ication. 


Vs 
Supply voltage 
5 
9 
V 


Id 
Quiescent drain current 
IM= 0 
S1= ON 
S2= R 
18 
mA 
Ve= 15 Veff 
Q= 40 


TDAmo 


~n 
/<'dM 
RM= 13.811 
Eg= 2.98V 
,ee fig. 15 


~/!1T 
~= 
0.08A 
RM= 13.811 


I 
0.03 I 
%/oC 


n 
g= 2.98V 


Iq 
Current consumption 
Ve=15Veff 
Q= 40 
10 
mA 


Q= 20 
15 
mA 


d 
Total harmonic distortion 
V~15Veff 
fo= 58 kHz 
Q~ 40 
0.25 
% 
Q= 20 
0.45 


tNe 
Vs ~ 6V to 12V 
0.05 
%/V 


~t:Ns 
Ve~15Vcff 


tNe 
//',Q 
Q = 40 to 20 
0.1 
% 
Ve 
Ve= 15 Veff 


fo 
Oscillator 
frequency 
L = 1.3 mH 
Q= 40 
58 
KHz 
Ve~15Veff 


Mo 
Vs = 6V to 12V 
0.007 
%/V 
~//',Vs 
Ve= 15 Veff 
Q= 40 


Mo 
Q= 40 
Ve= 15Veff 
0.03 
%/oC 
t;;-//',Tamb 
Tamb~ 
-20" to 70"C 


Fig. 15 - Speed 
variation 
vs. 


motor 
current 


Fig. 
16 
- 
Erase 
voltage 
vs. 


supply 
voltage 
Fig. 17 -Oscillator 
frequency 


vs. supply 
voltage 


'. 
n 
(Vrms) 


(Ojo) 
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The 
recommended 
component 
values 
are 
those 
shown 
in the 
application 
circuits 
of fig. 
7. Different 
values 
can be used. 
The following 
table 
is intended 
to aid the record-player 
designer. 


Component 
Recommended 
Purpose 
Larger than 
Smaller than 
value 
recommended 
value 
recommended value 


Lamp 
Automatic stop 


indicator 


...J 
« 
Rotary 
Switching 
Automatic stop 
Instability 
A too large CI may be 
ex: 
LlJ 
Switch 
frequency~ 3.5Hz 
sensor 
necessary 
Z 
LlJ 
ClO 
Stability 
<:l 
0.1pF 


Cll 
100pF 
Stability 


RI 
560 Kfl. 
I nput current 
I nsufficient 
saturation 
High current 


c- 
of pin 3 
at pin 12; Vref instability 
consumption. 


a 
may occur. 


f0- 
Ul 
U 
R2 
1 Mfl. 
Time constant 
Insufficient lamp current 
High current 
f= 
driving; 
higher 
time 
consumption; 
lower 
time 
« 
constant. 
constant. 
:2a 
f0- 
CI 
0.15pF 
D.C. 
Electrolitic capacitor 
Insufficient input 
::J« 
decoupling 
cannot 
be used. 
current. 


C2 
1 pF 
Time 
constant 
Higher 
time 
constant 
Lower 
time 
constant 


R3 
1.2 Kfl. 
Time 
constant 
Stability and distortion 
Lower stability and 
increas.e. 
distortion. 


U 
C3 
0.1pF 
Time constant 
Higher stability and 
Lower stability and 
...J« 
distortion. 
distortion. 


C4 
22 nF 
Time constant 
Lower stability and 
Higher stability and 


distortion. 
distortion. 
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Component 
Recommended 
Purpose 
Larger than 
Smaller than 
value 
recommended value 
recommended 
value 


R4 
330 Kn 
Voltage divider 
Lower loading of 
Higher loading of 
oscillator tuned circuit. 
oscillator tuned circuit. 


Pj 
47 Kn 
Voltage divider 
Lower loading of 
Higher loading of 
Ve 
peak= 
oscillator tuned circuit. 
oscillator tuned circuit. 


CC 
R4 + PI 
0 
2.2,(--p- 


I 
-) 
f- 
<! 
...J 
Cs 
O.l/lF 
Ve divider 
V 4 decreases; 
current 
V 4 increases; 
current 
...J 


U 
Cs= 20 C7 
consumption 
increases. 
consumption 
decreases. 


en0 
,C6 
O.l/lF 
Feedback 
Lower distortion and 
Higher distortion and 
w 
capacitor 
stability. 
stability. 
en<! 
CCw 
C7 
4.7 nF 
Frequency 
Lower f 0; higher V4 
Higher f 0; lower V4 
0 
oscillation. 
voltage. 
voltage. 
Z 
1 
<! 
C7= 
(2"fo)2· 
L 
en~ 
aJ 
Ca 
680 pF 
Feedback 
Higher distortion and 
Lower distortion 
and 
capacitor 
stability. 
stability. 


Ca '" 


C7 
10 


L 
1 mH 
Erasehead 


R6 
20 RM. 
Torque 
Instability may occur. 
Large variation of speed 
compensation 
VS. motor current. 


c..i 
Vref· 
R6 
en 
P2 
1 Kn 
Speed 
Difficult 
speed 
P2 min= 


~ 
regulation 
adjustment. 
Eg - Vref 


Cg. 
10/lF 
By pass 
Wow and flutter problem 
At low temperature 
instability may occur. 


lOAmo 


CD = decoupling capacitor 
T = transformer 
R1-R2= voltage divider 


Cf 
feedback capacitor 
Co 
tuning capacitor 
L 
erase head 


TDAmo 


The thermal power dissipated 
in the circuit may be removed by connecting tabs to an external heatsink 


(fig. 21). or by soldering them to a suitable copper area of the printed circuit board (fig. 20). 
External heat sink or printed circuit copper area must be connected 
to electrical ground. 
In the latter case, fig. 22 shows the maximum dissipated power (for ramb= 
55°C and Tamb= 70°C) as 


a function 
of the side of two equal square Copper areas having a thichness of 35 Jl (1.4 mils). 


Fig. 20 - 
Example 
of 
an area of P.C. board 
copper 
soldered 
to the tabs {)f the 
TDA 7770 


Fig. 21 - 
Example of TDA 7770 with external 
heatsink 


Fig. 22 - Power dissipation 
and thermal resistance vs. "I" 
Fig. 23 -Power rating charac- 
teristic 
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